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PREFACE 



ThlB book is written for the men of the U. S. Navy and Naval 
Reserve who are seeking advanoemeot in the Sonar Technician rating. 

At this writing the general rating of Sonar Technician includes 
the service ratings of Surface Sonar Technician (STG) and Submarine 
Sonar Technician (STS) at the Third and Second Class levels. The 
^neral ratiTag of Sonar Technician is at the First Class level and 
above, Althoi^ the Surface aad Submarine Sonar Technicians may 
operate different equipment, certain practical factors and knowledge 
factors apply to all Sonar Technicians. This book covers many of ^ 
the factors common to both ratings. 

The scope of this training course does not permit inclusion 
of the fundamentals of mathematics, electricity, and electronics. If 
you need such information, you should study the appropriate training 
courses that appear in the reading Ust. Because of security classifi- 
cation, some conmion sonar subjects cannot be included in this training 
course, but may be found in classified courses and other publications. 

As one of the Navy Training Courdes, this book was prepared by 
ttie Training PubUcatibns Division, Naval Personnel Program Support 
Activity, Washington, D. C, for the Bureau of Naval Personnel. 
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Second edition 1963 
Revised 1968 



Stock Ordering No. 
0500-036-0100 



3^ 



THE UNITED STATES NAVY 

GUARDIAN OF OUR COUNTRY 

The United States Navy is responsible for maintaining control of the sea 
and is a ready force on watch at home and overseas, capable of strong 
action to preserve the peace or of instant offensive action to win in war. 

It is upon the maintenance of this control that our country's glorious 
future depends; the United States Navy exists to make it so. 

WE SERVE WITH HONOR 

Tradjtion, valor, and victory are the Navy's heritage from the past. To 
these may be added dedication, discipline, and vigilance as the watchwords 
of the present and the future. 

f At home or on distant stations we serve with pride, confident in the respect 
of our country, our shipmates, and our families. 

Our responsibilities sober us; our adversities strengthen us. 

Service to God and Country is our special privilege. We serve with honor. 



THE FUTURE OF THE NAVY 

The Navy will always employ "new weapons, new techniques, and 
greater power to protect and defend the United States on the sea, under 
the sea, and in tlie air. 

Now and in the future, control of the sea gives the United States her 
greatest advantage for the maintenance of peace and for victory in war 

Mobility, surprise, dispersal, and offensive power are the keynotes of 
the new NaVy. The roots of the Navy lie in a strong belief in the 
future, in continued dedication to our tasks, and in reflection on our 
heritage from the past. 

Never have our opportunities and our responsibilities been greater 
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of 120 days or more, or if they have been on active duty for a period of 
120 days or more, regardless of the time specified in the active duty 
orders." 
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THE SONAR TECHNICIAN 
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A substantial force of conventional and nu- 
clear-powered submarines, many of them capable 
of laiuching nuclear missiles^ represents a po- 
tential threat to our country's security and a 
continuing challenge to our Navy's antisubmarine 
forces. 

To meet' this challenge, U. S,Navy ships and 
submarines continually conduct exercises in anti- 
submarine warfare (ASW) operations, revising 
tactics and evaluating new methods and equipment 
used for detecting and destroying enemy under- 
water craft. Destroyers are our main antisub- 
marine (A/S) surface vessels. They provide 
protection against submarines for major surface 
ships by forming a sonar screen around the ship. 
Upon detection of a submarine trying to pene- 
trate the screen, the. destrpyerjnitiates an attack, 
and the main body turns away from the contact 
area. Destroyers also operate in special A/S 
forces called hunter-killer groups, whose function 
is to actively seek out and destroy enemy sub- 
marines. Our own submarines— particularly nu- 
clear-powered types with their generally superior 
detection equipment— play an equally important 
role in ASW. They are capable of selecting the 
depth that provides the best underwater de- 
tection conditions. Additionally, they have the 
endurance to conduct surveillance operations 
over wide ocean areas. 

The Sonar Technician, whether aboard ship or 
submarine is a vital member of the Navy's 
ASW team. All Sonar Technicians must learn to 
operate the sonar equipment installed in their 
ship. This requirement includes not only manip- 
ulating controls, but also interpretix^data derived 
from sonar, fire control, and associated equip- 
ment. Sonar Technicians also must be able 
to maintain the sonar in good woridng condi- 
tion. 

This text is a self-study training course 
designed to help you meet the professional 



qualifications required for advancement to Third 
Class Sonar Technician. Although this course is 
limited to unclassified material, much of your 
work will deal with classified equipment and 
information. You should never discuss with 
strangers details of your work, nor reveal in- 
formation concerning equipment characteristics 
and capabilities. These restrictions apply also 
to shipmates who have no need to know the 
information. Violation of security regulations can 
result in punishment by court-martial. 

The remainder of this chapter gives informa- 
tion on the enlisted rating structure, the Sonar 
Technician rating, requirements and procedures 
for advancement in rating, and references to 
help you work for advancement and to perform 
your duties as a Sonar Technician. Also included 
are suggestions _ on how to make the best use 
of Navy Training Courses. Before you begin 
studying the rest of this course, therefore, you 
should stud^ the remainder of this chapter very 
carefully. 



ENLISTED RATING STRUCTURE 



The two main types of ratings in the present 
enlisted rating structure, are general ratings 
and service ratings. 

GENERAL RATINGS identify broad ocviipa- 
tional fields of related duties and functions. 
Some general ratings include service ratings; 
others do not. Both Regular Navy and Naval 
Reserve personnel may hold general ratitigs. 

SERVICE RATINGF^ identify subdivisions or 
specialties within a general rating. Although 
service ratings can exist at any petty officer 
level, they are most common at the P03 and 
Pb2 levels. Both Regular Navy and Naval Reserve 
personnel may hold service ratings. 
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SONAR TECHNICIAN RATING 

The Sonar Technician rating is a general, 
rating in the deck group (group I). The funda- 
mental task of all Sonar Technicians is to 
provide underwater data for operational use* 
Sonar Technicians operate and maintain sonar 
equipment, perform duties required as members 
of antisubmarine (A/S) attack teams, and in- 
terpret target and oceanographic data. At the 
third and second class petty offlcer levels there 
are two service ratings— one for men assigned 
to surface ships and one for men assigned to 
submarine duty. 

SONAR TECHNICIAN G 
(SURFACE) (STG) 

Surface Sonar Technicians operate shipboard 
antisubmarine equipment. This equipment in- 
cludes sonars and underwater fire control s> stems 
used in solving ASW problems. Equipment opera- 
tion at the third and second class levels usually 
is limited to manipulating dials aud interpreting 
received data. As an STG you must idso be 
able to perform operational, preventive, and 
technical maintenance on sonar, underwater fire 
control^ and associated equipment. 

SONAR TECHNICIAN S 
(SUBMARINE) (STS) 

Submarine Sonar Technicians operate sub- 
marine sonar and oceanoG^aphic equipment, and 
inteirpret data received from passive and active; 
sonars^ submarine fire control equipment, and 
associated auxiliary sonar equipment. As an 
STS you also must be able to construct and 
interpret submarine sonar plots, and perform 
operational, preventive, and technical mainte- 
nance on submarine sonar and associated equip- 
ment, excluding fire control equipment. 

DUTY ASSIGNMENTS 

The majority of sea duty assignments for 
Submarine Sonar Technicians are in submarines 
and aboard submarine tenders. Most Surface 
Sonar Technicians are assigned to destroyer- 
type ships. Other sea duty billots include de- 
stroyer tenders, auitisubmarineaircraffcoarriers, 
minesweepers, and certain cruisers. Some of 
the locations of shore duty assignments, which 
usually consist of instructor billets^ are: U.S. 
Fleet Sonar School, Key West, Florida; U.S. 
Fleet Antisubmarine Warfiure School, San Diego, 



California; U.S. Navy Submarine School, New 
London, Connecticut; and Fleet Training Centers. 
Shore duty billets of a general naturei, common 
to all ratings, are also open to Sonar Technicians. 

Wherever you are stationed, one quality that 
all petty officers must exhibit is leadership. As 
you advance in rate, you will have more and 
more responsibility, authority, and control over 
other men. You must sti'ive always to set a 5pK>d 
example for the men under you by maintaining 
high standards 'of personal conduct, as well as 
professional and ndlitary competency. In othor 
words, be a good Navyman. General Order 'il 
outlines the leadership qualities expected of all 
persons in the Navy in a position of authority. 



ADVANCEMENT IN RATING 

Some of the rewards of advancement in 
rating are easy to see. You get more pay. 
Your Job aissignments become mcTO interesting 
and more challenging. You are regarded with 
greater respect by officers and enlisted per- 
sonnel. You enjoy the satisfaction of getting 
ahead in your chosen Navy career. 

But the advantages of advancing in rating 
are not yours alone. The Navy also profits. 
Highly trained personnel are essential to the 
functioning of the Navy. By each advancement 
in rating, you increase your value to the Navy 
in two ways. First, you become more valitable 
as a specialist in your own rating. And second, 
you become more valuable as a person who can 
train others and thus make far-reaching con- 
tributions to the entire Navy. 

HOW TO QUALIFY FOR 
ADVANCEMENT 

What must you do to qualify for advancement 
in rating? The requirements may change from 
time to time, but usually you must: 

1. Have a certain amount of time in your 
present grade. 

2. Complete the required military and oc- 
cupational training couirses. 

3. Demonstrate your ability to perform all 
the PRACTICAL recpiirements for advancement 
by completing the Record of Practical Factors, 
NavPers 1414/1. In some cases the Record of 
Practical Factors may contain the old form 
number, NavPers 760. 

4. Be recommended by your conunanding of-* 
fleer* after the petty officers and officers super-* 
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visingyour work have indicated that they consider 
you capable of performing the duties of the next 
higher rate. 

5. Demonstrate your KNOWLEDGE by passing 
written examinations on the occupational and 
military qualification standards for advancement 
in rating. 

Some of these general requirements may be 
modified in certain ways. Figure 1-1 gives a more 
detailed view of the requirements for advancement 
of active duty personnel; figure 1-2 gives this 
information for inactive duty personnel. 

Remember that the qualifications for advance- 
ment can change. Check with your division officer 
or training officer to be sure that you know the 
most recent qualifications. 

Advancement in rate is not automatic. Even 
though you have met all the requirements, in- 
cluding passing the written examinations, youmay 
not be able to ''sew on the crow** or ''add a 
stripe.** Thenumber of menineachrateand rating 
is controlled on a Navy-wide basis. Therefore, 
the number of men that may be advanced is 
limited by the number of vacancies that exist. 
When the number of men passing the examination 
exceeds the number of vacancies,* some system 
must be used to determine which men may be 
advanced and which may not. The system used 
is the "final multiple** and is |a combination 
of three types of advancement systems. 

Merit rating system 
Personnel testing system 
Longevity, or seniority, system 

The Navy's system i)rovides credit for perfor- 
mance, knowledge, and seniority, and, while it 
cannot guarantee that any one person will be 
advanced, it does guarantee that all men within 
a particular rating will have equal advancement 
opportunity. 

The following factors are considered in com- 
puting the final multiple: 



Factor 

Examination score 
Performance factor 

(Performance evaluation) 
Length of service (years x 1) 
Service in pay grade (years x 2) 
Medals and awards 



Maximum 
Credit 

80 

50 
20 
20 
IS 

185 



All of the above information (except the 
examination score) is submitted to the Naval 
Examining Center with your examination answer 
sheet. After grading, the examination scores, 
for those passing, are added to the other factors 
to arrive at the final multiple.' A precedence 
list, which is based on final multiples, is then 
prepared for each pay grade within each rating. 
Advancement authorizations are then issued, 
beginning at the top of the list, fDr the number 
of men needed to fill the existing vacancies. 

HOW TO PREPARE FOR ADVANCEMENT 

What must you do to prepare for advance- 
ment in rating? You must study the qualifica- 
tions for advancement, work on the practical 
factors, study the required Navy Training 
Courses, and study other material that is re- 
quired for advancement in your rating. To pre- 
pare for advancement, you will need to be 
familiar with (1) the Quals Manual . (2) the 
Record of Practical Factors, (3) a NavPers 
publication called Training Publications for Ad- 
vancement in Rating, NavPers 10052, and (4) 
applicable Navy Training Courses. The follow- 
ing sections describe them and give you some 
practical suggiestions on how to use them in 
preparing for advancement. 

The Quals Manual 

The Manual of Qualifications for Advance- 
naent in Ratinp, NavPers 18068-B (with changes), 
gives the minimum occupational and military 
qualification standards for advancement to each 
rate within each rating. This manual is usually 
called the ' ^Quals Manual .*' and the qualifica- 
tions themselves are often called ^ Equals.'' The 
qualification standards are of two general types: 
(1) military qualification standards and (2) occu- 
pational qualification standards. 

MILITARY STANDARDS are requirements that 
apply to all ratings rather than to any one 
particular rating. Military requirements for ad- 
vancement to third class and second class petty 
officer rates deal with military conduct, naval 
organization, military justice, security, watch 
standing, and other subjects which are required 
of petty offlcers in all ratings. 

OCCUPATIONAL STANDARDS are require- 
ments that are directly related to the work of 
each rating. 

Both the military requirements and the occu- 
pational qualification standards are divided into 
subject matter groups; then, within each subject 
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REQUIREMENTS* 


E1toE2 


E2 to E3 


#tE3 
to E4 


#E4 
to E5 


tE5 
toE6 


tE6toE7 


tE7to E8 


tE8toE9 


SERVICE 


4 mos. 
service— 

or 
comple- 

f inn aI 
iiwn VI 

recruit 
troining. 


6 mos. 
as E-2. 


6 mos* 
OS E-3. 


12 mos. 
OS E-4. 


24 mos. 
as E-5. 


3A mos 
as E-6. 
8 years 
total 
enlisted 
service. 


3 A niAc 

OS E-7. 
8of 11 
years 
total 
service 
must be 
enlisted. 


as E-8. 
10 of 13 
years 
total 
seivice 
must be 
enlisted. 


SCHOOL 


Rocruit 
Training. 




Clo!;s A 
for HZ, 
DT3, PU 
AME 3, 
HM3 




■ V 
... ■ 


ClossB 
forAGC 
MUC, 
MNC. 


PRAaiCAL 
rACTORS 


Locally 
prepared 
check- 

oflFs. 


Records off Procticol Foctors, NovPers 1414/1, must be 
completed for E-3 cind all PO odvancements. 


PERFORMANCE 
TEST 




Specified ratings must complete 
applicable perfformonce tests be- 
ffbre taking exominations. 






ENLisno 

PERFORMANCE 
EVALUATION 


As used by CO 
whin approving 
advoncomont. 


Counts toword performonce factor credit in od- 
voncement multiple. 


EXAMINATIONS** 


locally 
prtportd 
ttsts. 


See 

below. 


Novy-wide exominotkms required 
for oil PO advancements. 


Novy-wIde, 
selection board. 


NAVY TRAINING 
COURSE (INUUD- 
ING MILITARY 
REQUIREMENTS) 




Required for E-3 ond all PO advancements 
unless waived because off school comple- 
tion, but need not be repeated iff identical 
course has olready been completed. See 
NovPers 10052 (current edition). 


Correspondence 
courses ond 
recommended 
reading. See 
NovPers 10052 
(current edition). 


AUTHORIZATION 


Commanding 
Offictr 


U.S. Novol Exomining 
Canter 


Bureau of Naval Personnel 



* All advancements require commanding officer's recommendation . 

1 1 yein* obligated service requirM for E-5 and E-6; 2 years for E-6, E-7, E-8 and E-9. 
# Military leadership exam required for E4 and E-5. 
** For E-2 to 14, NAVEXAMCEN exams or locally prepared tests may be used. 



Figure Active duty advancement requirements. 
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REQUIREMENTS* 


El toE2 


E2toE3 


E3toE4 


E4toE5 


E5toE6 


E6toE7 


E8 


E9 


TOTAL , 

TIME 

IN 

GRADE 




6 ino$* 


15 mos. 


It mot. 


24 mot. 


36 mot* 


36 Riot. 


24iviot. 


TOTAL 
TRAINING 
DUTY IN 
GRADE t 


.14 days 


14doyt 


14 days 


14doys 


28dayt 


42doyt 


42dayt 


28doyt 


PERFORMANa 
TESTS 




SpocHlod rotlngt must comploto opplicoblo 
porformonco tostt boforo toking oxomi- 
noHon. 


DRILL 

PARTKIPATION 


SoHiffadory portlcipoNon ot a iwmbf off a drill unit. 


PRAaiCAL FAaORS 
(INQUDING MILITARY 
REQUIREMENTS) 


IteconI of PnMicol Focton, NovPon 1414/1, must bo complotod 
for all odvoneomonlt. 


NAVY TRAINING 
COURSE (INCLUDING 
MILITARY REQUIRE- 
MENTS) 


ComploHofi of opfilicoblo courto or courm mutt bo ontorod 
in sorvlco rocord. 


EXAMINATION 


Stondard 
Exam 


Stondard 

Exam 

or 

Rating . 
Training. 


Standord Exam 
raquired for all PO 
Advoncomonts. 


Standord Exom, 
Seloction Boord. 
Also poss Mil. 
Uadorsliip 
Exam for E-4 
and E«S. 


AUTHORIZATION 


Commonding 
Offlctr 


Novol Examining 
Conttr 


Burt ou of Novol 
Ptrsonnol . 



^ RocommondoNon by commondlna oMcor ro^uirod for crfl odvoncomontt. 
t Actlvo duty poriodt moy bo tubttUutod for training duty. 



Figure l-2»— 'Inactive duty advancement requirements* 
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matter group, they are divided into PRACTICAL 
FACTORS andKNOWIJEIDGE FACTORS, Practical 
factors are things you must be able to DO. Knowl* 
edge factors are things you must KNOW in order 
to perform the duties of your ating. 

In most subject matter areas, you will find 
both practical factor and knowledge factor quail-* 
fications. In some subject matter areas, you may 
find only one or the other. It is important to 
remember that there are some knowledge as-* 
pacts to all practical factors, and some practical 
aspects to most knowledge factors. Therefore, 
even if the Quals Manual indicates that there are 
no knowledge factors for a given subject matter 
area, you may still expect to find examination 
questions dealing with the knowledge aspects of 
the practical factors listed in that subject 
matter area. 

You are required to pass a Navywide military/ 
leadership examination for EHl or as ap-* 
propriate, before you take the occupational 
examinations. The military/leadership examlna* 
tions are administered on a schedule determined 
by your commanding offlcer. Candidates are 
required to pass the applicable milltary/lGader* 
ship examination only once. Each of these exami- 
nations consists of 100 questions based on infer* 
matlon contained in Military Requirements for 
Petty Officers 3 and 2> NavPers 10056 and in 
other publications listed in Training Publications 
for Advancement in Rating. NavPers 10052. 

The Navywide occupational examinations for 
pay grades E*4 and E-5 will contain ISO questions 
related to occupational area^ of your rating. 

If you are working for advancement to second 
class, remember that you may be examined on 
third class qualifications as well as on second 
class qualifications. 

The Quals Manual is kept current by means of 
changes. The occupational qualifications for your 
rating, covered in this training course, were 
current at the time the course was printed. By 
the time you are studying this course, however, 
the quals for your rating may have been changed. 
Never trust any set of qiuils until you have checked 
it against an UP-TO-DATE copy in the Quals 
Manual. 

keoord of Practical Factors 

Before you can take the servlcewlde examina- 
tion for advancement in rating, there must be an 
entry in your service record to show that you have 
qualified in the practical factors of both the mili- 
tary qualifications and the ov*^ - npatlonal qualifi- 
cations. The record of practk il factors, men- 



tioned earlier, is used to keep a record of your 
practical factor qualifications. This form is 
available for each rating. The form lists all 
practical factors, both military and occupational. 
As you demonstrate your ability to perform each 
practical factor, appropriate entries are made 
in the D^TE and INITIALS columns. 

Changes are made periodically to the Manual 
of Qualifications for Advancement in Rating. 
and revised forms of NavPers 1414/1 are pro- 
vided when necessary. Extra space is allowed on 
the Record of Practical Factors for entering 
additional practical factors as they are published 
in changes to the Quals Manual. The Record of 
Practical Factors also provides space for re-* 
cording demonstrated proficiency in skills which 
are within the general scope of the rating but 
which are not identified as minimum qualifica- 
tions for advancement. 

Until completed, the NavPers 1414/1 is usually 
held by your division officer; after cor^:«pletion, 
it is forwarded to the personnel office for in- 
sertio??. in your service record. If you are trans* 
ferred befoA'^ qualifying in all practical factors, 
the incomple\'^ form should be forwarded with 
your service record to your next duty station. 
You can save yourself a lot of trouble by making 
sure that this form is actually inserted in your 
service record before you are transferred. If 
the form is not in your service record?, you m^i ' 
be required to start all over zi^din eiiii rei^ 
qualify in the practical factors which have a^eady 
been checked off. 

NavPers 10052 

Training Publications for Advancement in 
Rating. NavPers 10052 (revised), is a very 
imi^rtant publication for anyone preparing for 
advancement in rating. This bibliography lists 
required and recommended Navy Training 
Courses mi other reference material to be 
used by personnel working for advancement in 
rating. The NavPers 10052 is revised and issued 
once each year by the Bureau of Naval Personnel. 
Each revised edition is identified by a letter 
following the NavPers number. When using this 
publication, be SURE that you have the most 
recent edition. 

If extensive changes in qualifications occur 
in any rating between the annual revisions of 
NavPers 10052, a supplementary list of shui^ 
material may be issued in the form of a BuPers 
Notice. When you are preparing for advancement, 
check to see whether changes have been made 
in the quallfioatlons for your rating. If changes 



•I 

4' 



6 

// 



Chapter 1 — THE SONAR TECHNICIAN 



have been made, see if a BuPers Notice has 
been issued to supplement NavPers 10052 for your 
rating. 

The required and recommended references 
are listed by rate level in NavPers 10052. If 
you are working for advancement to third class, 
study the material that is listed for third class. 
If you are working for advancement, to second 
class, study the material that is listed for 
second class; but remember that you are also 
responsible for the references listed at the 
third class level. 

In using NavPers 10052, you will notice that 
some Navy Training Courses are marked with an 
asterisk (*). Any course marked in this way is 
MANDATORY— that is, it must be completed at tho 
indicated rate level before you can be eligible to 
take the servioewide examination for advancement 
in rating. Each mandatory course may be com- 
pleted by (1) passing the appropriate enlisted 
correspondence course that is based on the manda- 
tory training course; (2) passing locallyprepared 
tests based on the information g^ven in the train- 
ing course; or (8) in some oases, successfully 
completing an appropriate Class A course. 

Do not overlook the section of NavPers 10052 
vMch lists the required and reconmiended ref- 
erences relating to the military qualification 
standards for s^ancement. Personnel of ALL 
ratings must complete the mandatory military 
requ^wnents training course for the appropriate 
rate level before they can.be eligible to advance 
in rating. 

The references in NavPers 10052 which are 
reconmiended but not mandatory should also 
be studied carefully. ALL references listed in 
NavPers 10052 may be used as source material 
for the written examinations, at the a pp r opri ate 
rate lev^s. 

Navy Training Courses 

There are two general ^j^pes of Navy Train- 
ing Courses. RATING COURSES (such as this 
one) -Bte prepared for most enlisted ratings. 
A rating training course gives information £at 
is directly related to the occu pational quaUfi- 
oatlons of ONE rating* SUBJECT MATTER 
CO0BSB8 or BASIC COURSES give information 
that applies to more than one rating. 

Navy Training Courses are revised from time 
to time to keep them up to date teofanically^ 
Tbe revision of a Navy Training Course is 
IdStttlfted by a letter foUowing the NavPers 
flimAer. You can tdU wbetbsr any particular 
oopy of ft Navy Trainli^ Course is the latest 



edition by checking the NavPers number and 
the letter following this number in the most 
recent edition of List of Training Manuals and 
Correspondence Courses, NavPers 10061. (Nav- 
Pers 10061 is actually a catalog that lists all 
current training courses and correspondence 
courses; you will find this catalog useful in 
planning your study program.) 

Navy Training Courses are designed to help 
you prepare for advancement in rating. The 
following suggestions may help you to make the 
best use of this course and other Navy training 
publications when you are preparing for advance- 
ment in rating. 

1. Study the military qualifications and the 
occupational qualifications for your rating before 
you study the training course. Remem^r, you 
are studying the training course primarily in 
order to meet these quale. 

2. Set up a regular study plan. It will prob- 
ably be easier for you to stick to a schedule if 
you can plan to study at the same time each 
day. If i)ossible, schedule your studying for a 
time of day when you will not have too many 
interruptions or distractions. 

3. Before you begin to study any part of 
the training .course intensively, become familiar 
with the entire book. Read the preface and the 
table of contents. Check through the index. Look 
at the appendixes. Thumb through the book without 
any particular plan, looking at the illustrations 
and reading bits here and there as you see things 
that interest you. 

4. Look at the training course in more detail, 
to see how it is organized. Look at the table of 
contents again. Then, chapter by chapter, read 
the introduction, the headings, and the subhead- 
ings. This method will give you a pretty clear 
picture of the scope and content of the book. As 
you look through the book in this way, ask your- 
self some questions: 

What do I need to learn about this? 

What do I already know about this? 

How is this information related toinformatioti 
given in other chapters? 

How is this information related to the quali- 
fications for advancement in rating? 

5. When you ha/e a general idea of what is in 
the training course and how it is organized, fill 
in the details by intensive study. In each stud^ 
periodt try to cover aoompleteunit— it misiy be 
achapter, a seotioa of a chapter, or a subsection. 
The amount of material that you can cover at one 
time win vary. If you know the siibject well, or 
if the material is easy, you osn cover quite a 
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lot at one time. Difficult or unfamiliar material 
will reqpiire more studly time. 

6. In studying any one unit— chapter, seotiont 
or subsection— write down the questions that 
occur to you. Many people find it helpAil to 
make a written outline of the tmit as they study, 
or at least to write down the important ideas. 

7. As you study, relate the information in 
the t] aining course to the knowledge you already 
have. When you read about a process^ a skill, 
or a situation, try to see bow this information 
ties in with your own past experience. 

8. When you have finished studying a unit, 
take time out to see what you have learned. 
Look back over your notes and questions. Maybe 
some of your questions have been answered^ 
but perhaps you still have some that are not 
£tnswered. Without looking at the training course^ 
write down the main ideas that you have gotten 
from studying this unit. Don*t Just quote the book. 
If you oan*t give these ideas in your own words, 
the chances are that you have not really mastered 
the information. 

9. Use ^Enlisted Correspondence Courses 
wbenmeiv you can. The correspondence courses 
are based on Navy Training Courses or on other 
qipropriate texts. As mentioned before, com-- 
pletlon of a mandatory Navy Training Course 
can be acoomplisbed by passing an Enlisted 
Correspondence Course based on the Navy Train- 
ing Course. You will probably find it helpftil 
to take other correspondence oourses* as well 
as those based on mandatory training courses. 
Taking a correspondence course helps you to 
master the information given in the training 
course, and also helps you see how much you 
have leaned. 

10. Think of your fiiture as you study Navy 
Training Courses. You are working for advance- 
ment to third class or second olus rl^ now, 
but someday you will be workli^c toward higher 
rates. Anyttdng extra flIB you can learn now 
will help you both now and later. 



SOURCES OF INFORMA TION 

One of the most useftil things you can learn 
about a subjeot is how to find out mora about it. 
No single publication can give you all the in- 
fbrmaticm you need to perform the duties of your 
rating. You should learn irtiere to locdc Car ao- 
ourate, auHioritaiive^ iqi-to-date information on 
all subjects related to tiie military requirements 
for advanoement and the p!ratessional qonUfi* 
ostlons of yooot rating. 



Some of the publications described here are | 
subject to change or revision firom time to time — 
some at regular intervals, others as the need 
arises* When using any publication that is sub- 
ject to change or revision^ be sure that you have 
the effective (latest) edition. When using any 
publication that is kept current by means of 
changes^ be sure you have a copy in which 
all official changes have been made. Studying 
canceled or obsolete information will not help 
you to do your work or to advance in rating: 
it is likely to be a waste of time, and may even 
be seriously misleading. 

PUBUCATIONS 

In addition to the material presented in the 
reading list at the front of this book, many 
other publications are available for you to study 
to fiirther your knowledge and aid you in advance- 
ment. Taking a correspondence course^ for ex- 
ample« is a very gooid method of learning a 
subject. 

Other sources of information are the tech- 
nical manuals for each piece of equipment* 
These manuals usually are published by the 
equipment manufacturer, and consist of several 
sections giving a ^ general, description of the 
equipment^ Installation and operation instruc- 
tlons* and preventive and corrective maintenance 
procedures. 

Tactioal doctrines, n^ch also must be studied^ 
consist of Naval Warfare Publications (NWPs) 
and Allied Tactical Publications (ATPs)« Of 
great inierest to Sonar Technicians is NWP 24» 
Antisubmarine Operations^ niliich sets forth anti-> 
submarine doctrine and tactical instructions for 
surface ships, aircraft, and submarines. Many 
NWPs have mqq;>lements, known as Naval War- 
fare Information Publications (NWIPs), vAdoh 
give detailed technical instructions on how to 
carry out the doctrine found in the NWP. Some 
examples are: NWIP 24-1, Antisubmarine Classi- 
fication Manual; and NWIP 23-8, Submarine Ap- 
proach and Attack Manual. Also of interest is 
ATP 1, Vol. I. Allied Naval Maneuvering In* 
str notions. 

TRAININO AIDS 

Most ships and stations carry a siqiply of 
training films that are a valuable source of 
supplementary information on many technical and 
opwatlonal subjects. A selected list of train- 
ing films is given in Appendix I to tUs training 
course. MagMtlo tapes also are available for 
training in sound recognition, target classifica-* 
tiout and other aspects of sonar operations. 
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CHAPTER 2 

SUBMARINES AND ANTISUBMARINE UNITS 



During World War II, submarines sent millions 
of tons of shipping to the bottom. Early in the 
war, En^and's lifelines were nearly strangled 
by German submarines* American submarines 
played a large role in the defeat of Jeqpwi by 
sinking nearly all her merchant marine. Ob- 
Tiously, the submarine is a potent weapon, 
requiring eqpially effeotiye oountermeasures.The 
United States and Great Britain were suooessfiil 
in developing equipment, weapons, and tactics 
that enabled the destruction of the German sub- 
marine force* Japan, however, never was able 
to develop an effeotiye defense against our 
submarines* 

Since World War n the submerged endurance 
of the submarine has become sufficient to cause 
difficulty in locating it* The problem Inoroases 
as the submarine goes constantly faster, deeper, 
and stays down longer* To cope with the modem 
submarine, we now have better detection devices, 
more modem weapons, and newer ships, but 
the battle for supremacy is a never*-ending one* 



THE SUBMARINE 

All Sonar Technicians are concerned with the 
hunt for and destruction of enemy submarines. 
It is of especial inqxnrtenoe, therefore, that you 
know the oiq^abllitles of enenqr submarines, and 
know them well* Innonwrable questions wiUoome 
to you over a period df time or after a course 
of events in antisubmarine warfare (ASW) opera- 
tions: How fsst can a siibmarlne dive odr torn? 
How does the sttbtnarine uM depth? What is the 
sidmisrl]ie*8 top speed wben submerged? Beoaose 
tuts text la imolasslfled» niaiqr of the ttswers 
are df a general nature^ In your stttdlea, fEMgfi, 
yott will ImstA many Mails about idmianne 
cHiraoterlsiidal^ 

it eaiHer fer you to Mieot ttdmittlneii aad hdd 
contsot aftitr deteotioiu Most of this tSKtodncenis 
our own sabmarlnes^ but foreign navies itauaUy 
have submarines of oomparable aUUty. 



HISTORY AND DEVELOPMENT 

The first successful submarine was built in 
1620 by Cornelius Van Drebel, a Dutch physician* 
During repeated trials in the Thames River, he 
maneuvered his craft successfully at depths of 
12 to 15 feet beneath the surface* 

Various other European designers of that 
time constructed submersible craft also, but 
they failed to arouse the Interest of any navy in 
an age when the potentialities of submarine war- 
fare were inconceivable* 

Most of the early craftwereofwoodenframes, 
covered with greased leather or similar material, 
and propelled by oars* Different methods of 
submerging were thought of and some were even 
tried* One inventor's design consisted of a number 
of goatskin bags built into the hull, each connected 
to an qierture in the bottom* He planned to sub- 
merge the craft by filling the skins with water, 
and to surftoe it by forcing the water out of the 
skins with a ''twisting rod*** Although his vessel 
was never built, it seems that this design was 
the first approach to the modem ballast tank« 
Another invmtor actually sutnnerged his craft 
by reducing Ito volnme as a result of contraotlng 
the sides throu^ fbe use of hand vises* 

Ideas were plentlftd, some of them fanoifdl 
and grotesque, but some contained elements 
OBpMe of praotloal ^qpUcatlon* Lack of ftill 
imderstandlng of the physloal and meohanloai 
principles involved, coiqaed with the well-ni^ 
universal cmwictlmi that underwater navigaticm 
was inqpossnde and of no pradtloal value, ke^ 
postponing the attempt to utiltae a submarine in 
naval warfture during the early period* 

A submarine was first insd as an ofteusiva 
weapon during the American Revolutionary War* 
The Turtle, a ctta^man sumiBersible desl^Md 
Iqr an American In v entor tMoned David Busfanell 
and httdopeMted Iqr aacitowffeopiller, attempted 
to slrk a British inaiihdf-'WirlttKewToik Harbor. 
The plan was to attach a chaise of gunpowder to 
the ship's bottom with sprewe and eqflode it with 
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a time fuze. After repeated failures to force the 
screws through the copper sheathing of the hull 
of HM3 Eagle, the submarine gave up and with- 
draw, exploding its powder a short distance from 
the Eagle. Although the attack was unsuccessful, 
it caused the British to move their blockading 
ships from the harbor to the outer bay. 

On 17^ February 1864, a Confederate craft, a 
hand-propelled submersible, carrying a crew of 
eight men, sank a Federal corvette that was 
blockading Charleston Harbor. The hit was ac- 
complished by a torpedo suspended ahead of the 
Confederate Hunley as she rammed the Union 
frigate Housatonic, and is the firnt recorded 
instance of a submarine sinking a warship. 
' The submarine first became a major com- 
ponent in naval warfare during World War I, 
vnhen Germany demonstrated its ftiU potentiali- 
ties. Wholesale sinking of Allied shipping by 
the German U-boats almost swung the war in 
favor of the Central Powers. Then, as now, the 
submarine's greatest advantage was that it oould 
operate beneath the ocean surface where de- 
tection was difficult. Sinking a submarine was 
comparatively easy, once it was found— but 
finding it before it could attack was another 
matter. 

During the closing months of World War I, 
the Allied Submarine Devices Investigation Com- 
mittee was formed to obtain troai science and 
technology more effective underwater detection 
equipment. The oonunittee developed a reasonably 



accurate device for locating a submerged sub- 
marine. This device was a trainable hydrophone, 
which was attached to the bottom of the ASW 
ship, and used to detect screw noises and other 
sounds that came from a submarine. Although 
the conunlttee disbanded after World War I, 
the British made improvements on the locating 
disvice, during the interval between then and 
World War n, and named it asdic after the 
committee. 

American scientists further improved on the 
device, calling it sonar, a name derived from the 
underlined initials of the words sound navigation 
andj:anging. 

At the end of World War H, the United States 
improved the snorkel (a device for bringing air 
to the crew and engines when operating sub- 
merged on diesels) and developed the Guppy 
(short for greater underwater propulsion power) 
is a conversion of the fleet-type submarine of 
World War n fame. A Guppy submarine is shown 
in figure 2-1. The superstructure was changed 
by reducing the surface area, streamlining every 
protruding object, and enclosing the periscope 
shears in a streamlined metal fairing. Perform- 
ance increased greatly with improved electronic 
equipment, additional battery capacity, and the 
addition of the snorkel. 

The world's pioneer nuclear-powered sub- 
marine is the USS Nautilus (SS(N) 571). (See 
fig. 2-2.) The Nauttlus,conmd8sioned in Sep- 
tember 1954, is 320 feet in length, with a 



Figure 2'»1.— Qoppy tulbmarine. 
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standard surface displacement (ssd) of 3180 
tons, and Is designed for traveling faster under 
the water than on the surface. 

An intensive building progpram for nuclear 
submarines has been in effect for several years, 
and many new ships have Joined the fleet. The 
USS George Washington (SSB(N) 598) was the 
first submarine de^^ed to launch, while sub- 
merged, the Polaris missile. The USS Mariano 
Vallejo (SSB(N) 658), shown in figure 2-3, is 
the 40th, out of a programed 41, fieet ballistic 
missile submarine to be commissioned. Her 
speed is in excess of 20 knots, and she can 
dive below 400 feet. 

One of our fiistest subnuarines is the USS 
SMriack (SS(N) 586) (fig. 2-4), whose hull is a 
radical departure from the conventional idea 
of submarine hulls. Her diving planes are on 
the sail, resulting in increased maneuverability. 

SUBMARINES IN GENERAL 

A submarine ranges in length from about 
50 feet to more than 400 feet. Diving is ac- 
complished by controlled flooding of ballast 



tanks. To surfoce the submarine, compressed 
air esqpels the water from the tanks. 

Probably the smallest submarines in the 
world belong to the ex-German Seahound class 
(now in Rtissian possessicxi). They are 49 feet 
long and dicq[>laoe only 15 tons.Somewhatheavier, 
but still in the midget submarine class, are the 
U. S. Navy's X-1 and the British Shrimp class. 
The X-*l is less than 50 feet long and displaces 
25 tons. Boats of the Shximp class are slightly 
longer and displace 30 to 35 tons. 

At the othor extreme are the bulk of the 
U. S. Navy's submarines. Included are the latest 
nuclear-powered submarines. Some of these ships 
are over 400 feet long and displace more than 
7000 tons (ssd). Others, designed for speed and 
maneuveirability,are not quite as long, and dis- 
place less tonnage. 

Some submarines can cruise in excess of 20 
knots submerged. A type of diesel submarine 
used by the Germans in World War n, and now 
a part of the Russian fleet, can dive at a rate 
of 1 1/2 feet per second, and can turn 90"" in 
a little over 1 minute, using fiill rudder and 5 
knots of speed. 
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PROPULSION 

Comrentlonal submarines use diesel engines 
for propulsion when surfaced, and batteries when 
submerged. Nuclear-powered submairines get 
their propulsion from atomic reactors. 

Conventional Submarines 

When on the surface* a submarine's twin 
I screws are turned 1^ electric propulsion motors 
powered by generators driven by diesel engines. 
Upon submergring on snorkel, virtually the same 
perfoxteance can be had* but deptti of submergence 
is limited to the length of the snorkel mast. 
Submerged to greater depths, the submarine relies 
on large banks of storage batteries to drive its 
electric propulsion motors because combustion 
engines require far more air than is available. 
Here, endurance is limited strictly to the con- 
ditlcm of the batteries. Theoretically, if batteries 
are well charged, a speed of 1 knot can be main- 
tained for about SO or 60 hours. At ftill speed, 
however, the batteries are exhausted after ap- 
proximately 1 hour. 

One way of forcing a battery-powered sub- 
marine to the surface is to outwait its staying 
power. The submarine eventually must use its 
snorkel, or surface, to recharge batteries and 
replace air. 

Nuclear Submarines 

Atomic power has broug^ close to reality the 
dream of having a true sulnnarine, that is, one of 
unlimited sobuierged endurance and range. The 
Nautilus refiieled for the first time over 1 year 
after she commenced operating. The Triton 
circumnavigated the world completely submerged. 
The Nautilus and Skate pioneered eoqdoration of 
the north polar seas beneath the icecap, all made 
possible onlybymvlear energy. The humanftetor, 
and the quantity of supplies that can be carried, 
are the main limitations to the endurance of 
modem submarines. 

SUBUARINB ARMAMENT 



Armament of a iobmarine dqwids cm its 
^^ii ff tgpt and mission. The aftsftlr-typft sidmarines 
normally carry only torpedoes, butthqrttaybe 
employed as ndnelayers. Fleet balUsttcmissUe 
sobmarlaes carry 16 Picdarls missiles, and fhey 
have 4 torpedo tubes &u.'ward« 



Torpedoes 

The torpedo is a self-propelled underwater 
weapon having either a hig^-esqplosive or a 
nuclear warhead. Conventional warheads are 
loaded with up to 1000 pounds of HBX explosive. 

Underwater explosion of the torpedo warhead 
increases its destructive effect. When a pro- 
jectile esqplodes, a part of its force is absorbed 
by the surrounding air. Upon explosion of the 
tOTpedo warhead, the water transfers almost the 
full force of the esqplosion to the hull of the 
target ship. 

Fleet-type and Giqipy submarines are fitted 
with 10 tubes, 6 in the bow and 4 in the stem. 
Spare torpedoes are carried in ready racks near 
the tubes. On war patrol, & submarine of this 
type usually puts to sea with a load of 28 torpe- 
does aboard. 

Torpedoes an propelled by gas turbines or 
electric motors. Turbine types have wMriw^nm 
speeds of 30 to 45 knots, with a maximum ef- 
fective range of as much as 7 1/2 miles. Elec- 
tric torpedoes usually have less speed and range 
than turbine types, but from the submariner's 
point of view, they have the advantage of leaving 
no visible wake. 

Torpedoes ara of the straig^-running, acous- 
tic honoing^ or wire-guided types. The straight- 
running torpedo has automatic control devices 
that hold it on a preset course at a preset depths 
viheireBB the acoustic homing type can steer it- 
self toward its target. It may be either active 
or passive. The active acoustic torpedo sends 
out pulses of sound and homes on the echoes that 
return from the target* Passive types home on 
the noises emanated by the target. Tiie wire- 
guided type a torpedo is directed to the target 
by signals sent tfaroug)i the wire from the launch- 
ing submarine. 

Two new submarine weapons are Astor and 
SUBROC. Astor is an eleotric-propelled Mk 45 
torpedo with a nuclear warhead, tt is wire- 
gnlded to the target, and has a range of over 
10 miles. The SUBROC is an antisubmarine 
rocdcet with eittier a c on v enUonal or a nuolear 
warhead, and has a range of over 20 miles. 

After it is lannohed from the siibmergsd 
sidtamarine, SDBBOC's ndUMML motor Ipdtes, 
and ttie toofcst enters the air. At some point 
in its trajectory the rocket motor separates 
from the missile. The missUe, which is di- 
rected to ito target tqr an Inertlal guidance 
systom, makes a supersonic reentry into the 
waterf sinks to a predetemrfned depths and 
eoqplodes. 



Mines 
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Navy mines are thin-cased xuderwater weap- 
ons with a heavy load of hi^ explosives. They 
may be laid by both aircraft and surface craft, 
but submarines are employed for mine laying 
when secrecy is required* or when the area to 
be mined is beyond the range of lUrcraft. Mines 
may be of the bottom, moored, or drifting type. 
Bott6m mines rest on the ocean floor, and are 
hif^y effective in shallow water. Moored mines 
are positively buoyant. A cable, attached to an 
anchor on the sea bottom* holds the mine at a 
predetermined depth beneath the surface. Drift- 
ing mines float &eely at or near the surface. 
Mines may be actuated by contact with a vessel, 
by a vessel's magnetic field, 1:^ noise, or by 
pressure differences created when a vessel 
passes over the mine. Acoustic-, pressure-* and 
magnetic-influenced mines may be set to permit 
the passage of several ships, then explode tmder 
the next one to pass over. 

BUssiles 

Specially designed fleet ballistic missile sub- 
marines* as mentioned earlier, carry the Polaris 
missile* adding tremendous striking power to the 
submarine fieet. The latest Polaris model* the 
A3, has a 1-megaton noclear warhead, with a 
range of 2500 miles. An i m prov e d Polaris* called 
the Poseidon* will have the same range as 
Polaris, but double the payload* with multi- 
ple warheads to confuse enemy defense sys- 
tems. 



MANEUVERABILITY 

Modem nuclear submarines present a serious 
problem to antisidnnajrine (A/S) forces. Holddown 
tactics used to force conventional submarines to 
surface or snorkel to recharge batteries* are 
ineffective against nuclear submarines because 
they do not use batteries for submerged opera- 
tions. They can remain submerged on noclear 
power for indefinite lengGto of time. The attacdc- 
type submarines are faster when submerged than 
on the sorfBoe* Mofaover* tbey exeeed the speeds 
of many types of sarfaoe sUps. Their sail- 
mounted tfvlt^g planes permit radical maneuver s* 
almost Uke ttiose of an airplane. Actual (qierating 
^ dapOiB are olseslfiedf but flie modem sDftmiflrine 
can go considerably deqier than tim World War 



Antisubmarine (A/S) idrces are composed of 
special design ships, aircraft, and submarines. 
Their purpose is to seek out and destroy enemy 
submarines. Aircraft carriers of the CVS type 
(with fixed-wing aircraft and helicopters em- 
barked), together with a number of destroyers, 
form hunter-killer (H/K) groups* whose primary 
mission is to deny an enemy the effective use 
of his submarines. Guided missile destroyers, 
whose chief ftmction is defense against air 
attack, also have A/S capabilities. Nuclear at- 
tack submarines are also assigned to H/K groups. 
The SSNs are especially effective in A/S opera- 
tions because of their ability to select the depth 
providing the best sonar conditions, their long 
endurance and maneuvering capabilities, and 
the type of weapons they carry. Elements of a 
typical hunter-killer group are shown in figure 
2-5. 

SHIPS 

The destroyer-type ships (DDs) are the prime 
submarine hunter-killers. They operate in H/^ 
groups, screen ccMivoys* carriers* and other naval 
vessels against submarine attacks* and provide 
protection against air attack. 

Destroyers range in size from 2100 tons to 
nearly 8000 tons displacement. From about 5000 
tons up they usually are designated frigates PLs). 
Destroyer escorts (DEs) are samewbBt smaller 
than regular destroyers* although the latest type 
of escort is larger than maxqr World War n 
destroyers. Ships with guided missile capability 
have the letter O added to their designation 
(DDG, DLG* DEO). 

Antisubmarine armament carried by frigates 
of the type shown in figure 2^e consists of 
ASROC (antisubmarine rocket)* located behind 
the forward missile lamicher, and A/S hcmiing 
torpedoes amidships on each side. Some of the 
latest DLOs fire ASROC and Terrier missiles 
from the same launcher. 

Guided missile destroyers have essentially 
the same A/S armament as frigates. The arrange- 
ment varies between classes. Some DDGs have 
the ASROC launcher fixrward* behind the 5"/54 
gun; others have it amidships, as seen in figure 
2-7. 

Conventional de stroyer s (JJDb) that have 
undergone the fleet rduyuiitatlon and modernisa- 
tion (FRAM) program have elfber ASROC or 
DASH* in adffltlon to Oeir A/S torpedoes. (The 
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Flgnre a-9.— USS Yogg (DE 1047). 
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word dash is formed from the underlined letters 
of the term jjrone antisubmarine helicopter.) 
(See fig. 2-8.) It Is a pliotless, remotely con- 
trolled helicopter, capable of carrying 2 homing 
torpedoes or a nuclear depth charge to a target 
several miles away. 

The ASROC Is the shipboard counterpart of 
the submariners SUBROC. It Is a solld^^fuel 
rocket that carries either a homing torpedo or 
a nuclear depth charge to a range of 5 miles. 
Like the SUfiROC, It Is unguided during flight. 
When the torpedo Is used, a parachute slows 
Its descent to the surface. On contact with the 
sea, the parachute separates and the torpedo 
begins its active acoustical search. 

The destroyer escort USS Voge (DE 1047), 
shown in figure 2^9^ is one of the newest ships' 
in the modem design DE 1040 class. She carries 
ASROC and A/S torpedoes, and wlU evaluate 



a new naval tactical data system (NTD8) for 
antisubmarine warfare (ASW) application. 

All the destroyer*-fy|)e ships mentioned have 
the latest sonar equipment compatible with the 
type of ship. The newer ships have bow^mounted 
sonars. Some ships also have variable-depth 
sonar (VDS) installed on the stem. 

Practically all destroyer-type ships are con- 
ventionally powered, the exception being the few 
ships in the USS Bainbridge (DLGN 5), which 
have nuclear-powered propulsion systems. The 
Navy of the future, however, will doubtless have 
a greater proportior of nuclear-powered sur- 
face ships. Just as our submarine force has 
today. Conventional destroyers mist refuel every 
few dajrs, restricting their freedom of movement. 
In contrast, the Bainbridtee, in company with 
USS Entengise (CYAN 65) and USS Long Beach 
(CGN 9), made a 30,000-mile voyage around the 
world without reftteling or replenlsUng siq^lies. 



134^5.5 

FIgim 2-11.— S-2 Trmeiaev, A/S searoh and attack aircraft, with MAD probe extended. 
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AIRCRAFT 



The use of aircraft in ootijtmotion with ships 
and submarines adds greater capability and 
versatility to ASW. Areas of suryeiUance can 
be enlarged, ranges extended for detection and 
attack, and a dlverslfled use of weapons utilized. 
Two types of aircraft are used in ASW: the 
helicopter for close ranges, and the fixed-wing 
alrcrfldR for long ranges. The helicopter uses a 
dipping sonar; that is, one that may be lowered 
trom the aircraft for searching, as shown In 
figure 2-10, and retracted for fli^t. Fixed-wing 
aircraft use magnetic anomaly detection (B1\0) 
equipment miiereby they detect the sulnnarlne 



by variations in the earth's magnetic lines of 
force. 

Aircraft also use other devices for detecting 
the presence of submarines. One of these devices 
is the sonobuc^, which is dropped into the water 
by the aircraft and then monitored by radio. 
Sonobuoys are described in chapter 6. 

The aircraft also can be used as a tactical 
device to carry a wei^ntothe submarine. Among 
the weapons that can be launched from an aircraft 
are the homing torpedo and the nuclear depth 
charge. Figure 2-11 shows an aircraft of the 
type carried aboard a CVS. Another type of air- 
craft used in ASW is the P3 Orion, ^oh is land- 
based. The Orion is a long-range patrol plane, 
and carries highly sophlstloated electronic de«- 
teotion equipment. 
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CHAPTER 3 

BEARINGS AND MOTION 




In studying bearings and motion, you must 
remember that they are of two types. The 
two types of bearings are true bearing, vMch 
uses true north as a reference, and relative 
bearing, iM^ch uses ship's head as a reference. 
True motion is the movement of an object across 
the earth. Relative motion is the movement 
of one object in relation to another object. 

This chfq;iter discusses both types of beai^ngs 
and hQfh types of motion. It shows how they 
are applied in determining the location and 
movement of an underwater target, such as 
a submarine. 

With modem sonar, it is possible to locate 
and track a submarine with dependable accuracy. 
In order to make ftill use of precision equipment, 
it is necessary to evaluate bearings and motion 
correctly and thus avoid setting erroneous values 
into the equipment computers. 

REQUIREMENTS FOR LOCATING 
SUBlfARINES 

Many landmarks and familiar objects on 
land can be utilised for establishing a position 
and determining the location of a particular 
point. In civilian life we were accustomed to 
such descriptive terms as "The third house 
on the rig^," or ''Just a mile down the Ug^iway 
at the big signboard." At sea, thou^ we must 
adjust ourselves to doing without the convenience 
of familiar objects and use other means at our 
disposal for locating a target. Tar^ visible 
on the Borface or in the air can be pointed out, 
but an unseen underwater object must be located 
in a manner Oiat is both clear and accurate, 
this method of location is aoconq>liShed by 
VB^ng sonar to determine the object's Oreotion 
and (Bstanoe ttcm the sound transmitting ddp. 

b chapter 4 you will read about the numerous 
variables affecting the travel of sound beams in 
wawt. These variables grMtly affect Che 
cisloii wifli which the exact looatlon of an i 
water target can be determined«^th present-day 



equipment we are able to compensate for many 
of the variables and obtain exact positioning 
information. Electromechanical computers are 
utilized in solving many of the problems of 
target bearing and motion. It must be borne 
in mind, however, that direction and distance 
must be obtained first, then reported by the 
operator before the computer can be set up 
to produce a correct solution. Thus, the ability 
to determine and report the correct bearing 
and range as speedily as possible is of the 
utmost importance to the entire attack problem. 

SONAR INFORBfATION 

Sonar provides the tWo items of informa- 
tion-*iiireotion and distance— from ifddoh we 
derive all subsequent data. Direction and distance 
are referred to as bearing and range. Correct 
interpretation and transmittal of bearing and 
range information are deciding fetors in success- 
fully conducting any attack. 

Bearing 

The direction of the echo from the sound 
transmission source is called the bearing. Bear- 
ing Is measured clockwise in degrees of asimuth 
in three figures from 000** through S60^ Asimuth 
is defined as a liorisontal arc of meas u rem ent 
of the horison in degrees. One quarter of a 
circle is 90* and a ftiU circle is 360^ 

UntU a fsw years ago. an allowance of 2-1/2* 
for error in hewing was o ons ldsred within limits 
of tolerance in anttsubmarine attacks. Today, 
this standard of tolerance has been redocM to 
approximately 1\ A bearing error of 2-1/2* at 
100 yards amounts to a positlaa error of 4.86 
yards; at 2000 yards fids error is 87 Jl yards, 
^fh a bearing error of 1\ we are off target 
only 1.75 yards at 100 yards, and 85 yards off 
at 2000 ya^. As yoo can see, modemeqplpment 
has provided greater bearing aoc ura o y . No doubt 
fttture sonars will give even better aocuraoy. 
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but remember that the finest equipment will 
always need a competent operator. 

Range 

The distance firom the sound source to the 
target is called range. In sonar, range always 
is expressed in yards. With modern sonar equip- 
ment» range detection varies from less than 
100 yards to thousands of yards. Ranges can be 
measured to an accuraoy of 1 percent of the 
range scale in i}se. To aobieve this accuracy 
you must have up-to-*date knowledge of water 
conditions and be able to make adjustments to 
the equipment to compensate for variations in 
the velocity of sound. 

Range is reported in thousands and hundreds 
of yards. Some sample ranges, and the manner 
in which they are reported, are listed here for 
your information. 



3000- 
2500- 
1750- 
1100- 
1000- 
800- 
660- 
150- 
400- 



- "Range 
"Range 
-"Range 
-"Range 
-"Range 
-"Range 
-"Range 
-"Range 
-"Range 



three thousandi dosing.** 

two five hundred.** 

one seven five zero.*' 

one one hundred.** 

one thousand.** 

eight hundred.** 

six six zero.** 

one five zero.** 

four hundred, opening.** 



It should be noted that the word "yards** is 
never included in a report, because ranges 
always are given in yards. 

One range report by itself is insufficient to 
conduct, an attack, although such information as 
whether the range is opening, closing, or constant 
is of vital significance. A succession of both 
bearing and range reports is required to deter- 
mine target location and motion. 




SONAR CONTACT, 8CARIN0 230* 
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Figure 3-*l.--- True bearings are independent of ship* s head. 
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BEARINGS 

In establishing a bearing, we invariably xnust 
have a reference point to ensure that the direction 
is always the same. True bearing is referenced 
to true north regardless of the direction or 
motion of the ship. Relative bearing is always 
referenced to the ship's bow. In all instances, 
bearings are reported in degrees and are read 
clockwise. 

Sonar bearings are reported in three figures, 
and you say ••zero" instead of ••oh.V A sonar 
contact due east of your ship is reported as 
"Sonar contact, bearing zero niner zero." If 
the contact were due west, it would be reported 
as ''Sonar contact, bearing two seven zero. 

Notice in the foregoing examples that the 
word "true'* is not used. Unless stated other- 
wise, always assume that bearings are reported 
as true bearings. If a gyro failure occurs, 
relative bearings must be used, and the sonarV 
operator will add the word * 'relative" to his 
bearing report. If he wishes, the operator can 
avoid saying "relative" after each report by 
stating ''All bearings will be relative until 
further notice." 

TRUE BEARINGS 

To illustrate that true bearings are independent 
of the ship's heading, figure 3-1 shows three 
different bearings. The ship and the contact have 
been drawn in to show that, although the ship 
has a different course, the true bearing of the 
contact remains the same. In the illustration, 
compare the examples on the left with the 
examples on the right. 

All shipboard and submarine sonar sets utilize 
a gyrocompass repeater to provide true target 
bearing by reading the sonar bearing marker 
against the dial. Figure 3-2 shows this dial as 
it is in a standard shipboard sonar set. The 
section enclosed within the dotted lines is the 
area visible to the sonar operator throxig^ the 
glass window. The marker at the top, ^ch 
can be seen throu^ the transpareht bearing 
dial, indicates the bearing to yAdch the operator 
has trained the cursor on the scope. Because 
the. cursor normally is positioned in the middle 
of the target presentation, the dial marker 
indicates the center bearing of the contact. 

RELATIVE BEARINGS 

True bearings are the ones of principal 
concern to Sonar Technicians ^because standard 



operating procedures are based on true bearings. 
You need to understand relative bearings, how- 
ever, inasmuch as casualties to the gyrocompass . 
necessitate shifting to relative bearing pro- i 
cedures. 

Relative bearings are read in degrees clock- 
wise from the ship's bow, which is always 000^ 
If a contact is broad on your ship's port quarter, 
the relative bearing is 225^ If a contact is on 
your starboard beam, the relative bearing is 
090^ Figure 3-3 diagrams these two examples, 
illustrating how relative bearings are determined. 

When the ship changes course, the relative 
bearing of a target changes. In figure 3-4 the 
ship changes course 60"" to the rig^t. This course 
change causes the relative bearing of the target 
to change from 090*" relative to 030'' relative. 

Relative bearings can be read on the sonar 
console from the same dial that gives true 
bearings, although not at the same time. If a 
complete gyro failure should occur, this dial 
automatically indicates relative bearing. Occa- 
sionally, the gyro may act erratically for a 
few moments, causing the picture on the scope 
to Jump, maldng it df^cult for the operator to 
track the target. To obtain a presentation with 
more stability, the operator can control the 
equipment so th^^i a relative picture is pre- 
sented on the scope, the dial indicating relative 
bearing. 

Figure 3-5 typifies a bearing indicator from 
which true and relative bearings may be read 
simultaneously. This type of indicator, used in 
earlier sonars, is a good example for showing 
the comparison of true and relative bearings. 

The outer dial, MAAch is fixed, indicates 
relative bearing. The inner dial is free to 
rotate. When connected electrically to the ship's 
master gyrocompass, it acts as a gyro repeater 
and shows ship's course and true bearing. The 
diamond-shaped pointer between the two dials 
indicates the direction in which the soxud re- 
ceiver is trained. Both relative bearing and 
true bearing are read by observing the position 
of the pointer. 

True course is read on the inner dial opposite 
OOOTl on the outer dial. As shown in figure 3-5, 
ship's course is 045% and a contact broad on 
the starboard bow (045"%) has a true bearinir 
of090\ * 

i STERN UNE INDICATOR 

With modem scanning sonars, the sonar 
operator has an ideiQ picture of antisubmarine 
action. He. not only receives the audio response. 
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Figure 3-2.— Bearing dial assembly. 




45.29(71)B . 45.29(71)0 

Figure 3-3.— Relative bearing. Figure 3-4.— Relative bearing change. 
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™ o 45.a9(71)K 
Figure 3-5.— Bearing and course indicator. 



but is aided by a video presentation 360** in 
azimuth. The presentation is a true picture of 
the area surrounding the ship, and, (with excep- 
tions noted later in the text) it does not chame 
with alterations in ship's course. 

Although the video presentation is independent 
of ship's heading, the Sonar Technician needs 
to be constantly aware oif the ship's course fbr 
purposes of conducting search arcs^ performing 
control manipulations, and reporting sonar in- 
formation. SUp's course information is provided 
in the form^ of a stern line on the fabe of the 
BQc^. The stem line, illustrated in figure 3-6, 
is presented as an lUumihated broken line, which, 
as Its name IncipUes, indicates tte direction of 
the ship's stem. If this line indicated the bow 
of the ship, it would be much easier to interpret 
ship^s course. Because most sonar informatibn 
comes from forward, however, the addition of 
the stem line indicatw, in that direction would 
tend to clutter the scope unnecessarily. 
^ Normally, with the ship's gyro operating, 
own ship's movement does not appreciably alter 
the presentaticm on the scopes Only the stem 
Utoe indicator shows when the ship is turning 
or if a ccnirse dhai)^ occurred; 1Vhen 
turning right, the stem line moves clockwise; 
wlien tuming left, it moves counterclockwise. 
Movement of the stem line alerts the operator 
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45.29(71)J 

Figure 3-6.— Stern Une Indicator. 

to course changes, so that he then can be 
prepared to make adjustments to keep the bearing 
cursor on target. 

When looking at th6 scope^ It Is best to 
picture the ship as In the center of a small 
segment of the ocean, with the ocean always 
oriented to tme north at the top of the scope. 
The ship turns In the center, and Its direction 
Is shown by the stern Une tolndicatethe recipro- 
cal of the true course. 

GYRO FAILURE 

When the gyro Is operating, the top of the 
scope Is north (000* true). When the gyro Is 
Inoperative, the top of the scope Is 000** relative 
. (ship^s headO. 

The first Indication of a gyro casualty Is 
the erratic movement of the stem line or the 
lUumlnatlon of the red GYRO OFF light on the 
sonar console. Any failure of gyro Ispit to the 
sonar caAiises the stern line to swing to 180^ 
relative, iiidiere it remains as long as the gyro 
Inputs are cut off. If the ship is headed for a 
target when the gyro fails, the target echo 
moves to 000* relative. Thus, the ship may 
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be heading for a target bearing 090^ true, but 
the target ecfao-is presented at the top the 
scope. 

The effect of gyro failure is illustrated in 
figure 3-7. Part A shows the scope with normal 
gyro input; The submarine is located to the 
right of cent^, T^e stem line is at 270^ and 
indicates that the ship is on course 090^ true 
and headed for the contact. 

With a g^p casualty, the stern line will 
swing 9Q^ counterclockwise. The entire video 
presentation will change a like amount in the 
same direction as shown in part B of the illus- 
tration. To remain on target, the bearing cursor 
must also trsd^^ counterclpqln^se. Tte 
(Uals be^ scopes in:^^^^ indicate 
the^ ^rectton.,^i^^^ tte ^cursorc: is 

balned^^mi^ , 

CONVERTCWiTO^ 
BEARINGS - 

Even though you lose gyro input to the sonar, 
you pan .e^ilyc detim true bearing of 

the; target U yc^ sMp*?; pourM^, a^ 

the rielaUW-beailng of t^^ iarg^t. J^.t^^^ 
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bearing is 029^ and the ship's course is 027^ 
true, for instance, as in figure 3-8, you can see 
that the true bearing of the target is 056^ The 
true bearing is obtained by adding the ship's 
course and the target's relaUve bearing. Thus, 
by the formula we have: 

027*T + 029*R « 056*T. 

Now examine figure 3-9. The ship is on a 
course of 180^ true, and the target Is at 251^ 
relative. Again, it is easy to determine true 
target bear^ applying the formula as before: 

: lisirT + 25111 « 43irr. 

This time the bearing is greater than 360^. When 
the answer exceeds 360^, you must subtract this 
figure to obtain the correct aniswer. Thus: 

180*T + MlTi « 481«T - 360*T i 071*T. 

RULES FOR GOT 

Certain rules are established for cohvidrtiiig 
true and relative bearings. After each rule is 



Figure 3»7.^ Effect of gyro failure. 
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Figure 3-8.— Target at 056® true. 
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45.29(71)0.2 
Figure 3-9.— Target at 071* true. 



stated, the mathematloal formula representing 
the rule is given. The formulas are expressed 
in fire control symbols. By means of these 
symbols we avoid detailed explanations of the 
values or meastirements. Following are the 
fire contror symbols used in these formulas. 

By— True target bearii4(. 
B — Relative target bearing. 
Co — Own ship's course. 

True target bearing equals relative target 
bearing plus own ship's course. In formula, 
this rule is expressed thus: 

By = Bi + Co 

If the true bearing; as computed, is greater 
than 360^, that value must be subtracted firom 
the total. Our rule now is: True target bearing 
equals relative target bearing plus own ship's 
course iiiinu8^360> 

By.»«;B+!c^^ 

.... ^ . .. . , .... 

If yw, lalow^^>^ course and the true target 
bearii^,' the formula may be worked in reverse 
to obtain the relative target bearing. R 
target bearing iaquals true tarjg^t bearing minus 

■ r'V'B «^By<-'Cp'^- ••■i;' 



If the true bearing is less than the ship's 
course, 360'' must be added to the^ true bearing 
before subtracting ship's course. Relative target 
bearing equals true target tftaring plus 360"" 
minus own ship's course. 

B « By + 360'' - Co 

If the true target bearing is 045^T and ship's 
course is 270"^ true, tot example, we find the 
target's relative bearing thus: 

045*T + 360* = 405* - 270* ^ 135*R 



MOnON 

As mentioned at the beginning of this chapter, 
the two types of motion are true and relative. 
The Sonar Technician must have a thorough 
understanding of both tyi>6s of motion in order 
to interpret target movement correctly and to 
give assistance in making an attack. 

TRUE MOTION 

True motibn i9 the movement of an object 
across ^he earth, using true (geogrq>hic) north 
as the reference point. 
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RELATIVE MOTION 

Relative motion is the apparent movement 
of an object in relation to another object* Do 
not confuse the concept of relative motion with 
relative bearing. Relative motion is measured 
as a true direction of apparent movement* 

You may have been unaware at the time, 
but on many occasions you have witnessed the 
solution of relative movement problems* When 
a baseball player races to catch a high fly ball, 
or when a football quarterback throws down- 
field to a receiver, the players are estimating 
relative movement. As an example, assiune 
your ship is on a course of 000^ at a speed of 
20 knots. You are overtaking and will pass 
close aboard a ship that is also on course 
000% but whose speed is only 10 knots. As 
you close the ship, the bearings to him draw 
aft. Eventually you pass him and he falls further 
and further behind. His relative movement from 
you is approximately 180", but his true move- 
ment is 000% 

Following are three rules pertaining to relative 
motion you must remember when making an 
attack on a submarine. Figure 3-10 illustrates 
these relative motion situations. « 

1. If >ange is closing and the bearings are 
drawing toward the bow, your ship will 
pass astern of the submarine. 

2. If range is closing and the bearing re- 
mains steady, the ship will pass directly 
over the submarine. (If the submarine 
were on the surface, a collision would 
result.) 

3. If range is closing and the bearings are 
drawing aft, the ship will pass ahead of 
the submarine. 

ADVANCE AND TRANSFER 

When a ship changes course to head for a 
new bearing, she does not move as a car does 
on land. Water is a fluid substance, and it 
does not allow the ship the advantage of good 
traction. As rudder is applied to a ship, a 
short period ensues before the rudder takes 
hold in the water. During the turn, the stern 
of the ship actually slides through the water. 
As it slides, the ship tends to a:dvance in the 
. same direction of her original course. The 
distance the ship moves in the ori^nal directioh 
until she is on the new course is called advance. 
y The amoimt of advance depends on ship^s speed, 
amount of turn, and amount of rudder angle 
applied. 



During the change in course, the ship also 
moves at right angles to the original course. 
The distance the ship moves at right angles to 
the original course during the tiu'n is called 
transfer. The amount of transfer, as with advance, 
depends on the amount of turn, ship's speed, 
and amount of rudder angle. 

Advance and transfer vary with each type 
of ship, and even with ships of the same type. 
Each ship, therefore, makes her own advance 
and transfer tables for various rudder angles 
and at different speeds. 

As you can imagine, advance and transfer 
will affect target bearings during a turn. All 
possible^ situations cannot be wplained here 
because there are almost unlimited combina- 
tions of target and attacker relative movements. 
If the target is on your port beam, for example, 
and has ttie same course and speed you have, 
when you turn left to head for him, his bearing 
will change to the right. Figure 3-11 illustrates 
the effect of advance and transfer on bearing 
when the target is stationary, or necgrly so. 

BEARING DRIFT 

When the sonar operator detects an imder- 
water target, he reports the bearing and range. 
The conning officer then turns the ship to head 
for the reported target. As the ship turns, the 
bearing cursor is trained back and forth across 
the target to check for bearing width, and the 
target is classified. * The operator then places 
the cursor in the center of the target pip. The 
cursor shows direction of sound ""recepti on. Its 
length indicates range when the cursor line is 
adjusted to touch the target echo. With the ship 
headed for the target on a steady course, and 
at a constant speed, with the cursor bisecting 
the echo, any change in target bearing results 
from target movement. If the target moves to 
the right, the operator must train his cursor 
^to the right in order to remain on target, 
reporting ''Bearing drift right.** If the target 
moves to the left, he must train his cursor to 
the left to remain on target, and reports ^'Bear- 
ing drtft left.** 

In an attempt to evade the attacking Aiip, 
the submarine will nianeuver. The attacking 
ship, in turn, changes course as necessary to 
reach optimum weapon firing position while 
maintaining sonar- contact. Regardless of the 
number of course changes of the ship, or maneu- 
vers by the submarine, the job of the operator 
is to keep the cursor on the target. Correct 
bearings, ranges, audio response, and other 
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»1 BEARINGS DRAWtNC TOWARD THE BOW. 
SHIP WILL PASS ASTERN OP SUBMARINE* 




SHIP 

•2 BEARING REMAINS STEAOY. 
COLLISION COURSE. 
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\ ' SHIP 

•3 BEAMNGS DRAWING APT. 

SHIP WILL PASS AHEAD OP SUBMARINE. 



FigMre S*-10.— Relative motion situations. 
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Figure 3-*ll.— Effect of advance and transfer 
on bearing. 



target data can be obtained only when the cursor 
is kept positioned properly on the target echo. 

ATTACK LEAD 

Once target movement is determined, the 
conning ofBcer turns the ship to point the bow 
ahead of the target. This maneuver is called 
the collision lead. If the proper amount of 
lead is taken, the target bearing ceases its 
drifting movement and remains steady. The 
amount of lead depends on the type of attack 
and the weapon used. Depending on the speed 
and maneuvers of the target, it may become 
necessary to Increase or decrease the lead 
so as to maintain a steady bearing during the 
approach phase of the attack. Drift may be 
determined correctly only if the cursor is posi- 
tioned properly to bisect the target echo at 
all times. The following example should help 
clarify bearing drift and attack lead. 

Assume that you (the sonar operator) gain 
contact on a submarine bearing 090^ true. (The 
submarine's course is 180^) The ship turns to 
head for the target and steadies on course 
090^. This maneuver is apparent when the stem 
line steadies on 270''. Noticing that the bearing 
is drifting to the ri^t (caused by advance and 
transfer during the turn and target movement), 
you move the cursor to the right to remain on 
target, andreporf Bearing drift right.** There- 
upon, the conning officer changes course to the 
right to establish a collision lead. With colli- 
sion lead established, there is no bearing drift, 
relative movement of the target on the scope 
is directly toward the ship as the ship' closes 
the target, and a farue movement in the direc- 
tion of 180^ (course of submarine) can be. deter- 
mined £rom the video presentation on the scope 
by observation of the target traces. (NOTE: 
Remember that true bearing drift can be deter- 
mined accurately only when the ship is headed 



directly at the target.) In this illustrative case, 
assuming a depth charge attack, additional lead 
is applied at 700 yards. This maneuver is called 
attack lead. The amount of lead depends on 
target aspect, target speed, and the sinking 
time of the depth charges. As this final attack 
lead is applied to the right, the bearings com- 
mence to drift left and aft, down the port side, 
xxntil contact is lost at short range. At this 
stage of the attack, the operator must train the 
cursor rapidly aft so as to regain contact as 
the attacking ship clears the submarine. 

In almost every depth charge attack, you 
will follow the same procedure, once you detect 
a target on the scope. The cursor is trained on 
the target and adjusted for range. You continue 
to bisect the target, tracking the submarine 
movCTients until contact is lost during the final 
stages of the attack. For an attack using ahead- 
thrown weapons, the procedures are basically 
the same, except that contact is not normally 
lost. The sonar operator must be alert for 
rapidly changing bearings at short range. 



DOPPLER AND TARGET ASPECT 

When contact is made on an underwater 
object, these questions require answers: (1) 
What is it? (2) Is it moving? (3) In which direc- 
tion is it moving? 

Classification steps, when executed properly, 
give the answer to the first question. Doppler 
helps to answer all questions. Doppler, an 
acoustic phenomenon, is explained fully in chapter 
4. At this time it is enough to know that doppler 
up means the target is headed toward you; 
doppler down meatis the target is headed away 
from you; and no doppler means the target is 
either broadside to you and neither coming 
toward you nor headed away, or it is stationary. 
Assume that you have contact with a submarine. 
It has doppler, so it must be moving— but in 
which direction? By thiis time the ship has 
turned to head for the target, enabling you to 
arrive at the answer to the third question. If 
doppler is up, the target is moving toward the 
ship. If doppler is down, the target is moving 
away from the ship. 

The operator's job is to determine the direc- 
tion of target movement and report it. If the 
submarine is headed directly at the ship, the 
target aspect will be direct bow and doppler 
will be up. If you are. headed at the target, and 
the target has bearing drift to the right with 
no doppler, the target aspect is starboard beam. 
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Figure 3-12.— Target aspect. 



Figure 3-12 shows the fire basic target aspects 
and their associated doppler. The degree of 
doppler Is dependent on target speed. For 
example: Doppler of a direct bow target with a 
hlg^ dosing speed would be reported as '^marked 
up.»» 

Target aspect Is best described as the relative 
position of the submarine with respect to the 
sound beam. Perhaps the easiest way of deciding 
in^ch aspect the submarine Is presenting Is to 
visualize it in the center of four quadrants and, 
by the process of elimination, solve for the 
proper quadrant. This procedura gives a rough 
aspect, and doppler and bearing drift will ftirther 
define the exact aspect. Look at figure 3--13 to 
see how this solution is accomplished. Assume 
that your ship is headed for the target, and 
that initially you have a steady bearing witil 
hig^ iqp doppler, which indicates that the ship 
and the submarine are headed directly for each 
other. Next, you detect a bearing drift to the 
rlc^t, with sll^t iQ) doppler. Quadrants A and 
B are eliminated because a target in either 
quadrant would have (town doppler. A target in 
quadrant C will have up doppler, but the bearing 
drift will be to the ieft. Therefore, you would 
report ^^Starboard bow aspect.** 



As the ship attacks, she makes minor course 
and speed changes, but these changes have 
little or no effect on target aspect or doppler. 
If the ship circles the submarine, however^ or 
if the submarine makes a change In course, 
target aspect will change. A cha^ in doppler 
is the first indication that the submarine Is 
changing course, and this change must be re-- 
ported Inunedlately. As soCm as the new aspect 
can be determined. It also must be reported. 
During an antisubmarine attack (or series of 
attacks), aspect changes often. The sonar oper- 
ator*8 Job is to detect, evaluate, and report 
each change as It occurs. 



COMPUTING TARGET ANGLE 

Target angle, which Is^a relative bearing, 
gives more precise Information on ttie course 
of a ship or submarine than does target aspect, 
but target angle is more difficult to obtain 
than is target aspect. In considering a destroyer 
making an attack on a submarine, target angle 
is the relative bearing of the destroyer from 
the submarine. 
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Figure 3-13 .—Solving target aspect. 



Imagine that you are oh board a submarine 
looking at an approaching destroyer. Hie rela- 
tive bearing of the destroyer is 090^, whioh 
indicates it is approaohii^ on the subinarlne's 
starboard beam. As viewed from the destroy 
the submarine's target; angle is 090^ because 
target an^e is the relative bearing of the ship 
from the target, measur<M^ 
plane from the bow of the target clockwise 
frov\ 000^ to 360^ Like target aspect, tiarget 
angle depends on the target's heading. When 



the submarine changes course, target angle 
changes accordingly. 

Figure 3-14 illustrates several target angles. 
Also shoWn are angles on the bow (discussed 
later) and related doppler. Notice that no matter 
in which direction the< ship is heading, the 
course of the submarine governs target angle. 

You may be curious why target aspect is so 
important when target angle provides more accu- 
rate informaticm* Aspect is given as a general 
indication and can be reported after only four 
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Figure — Target angle. 

or five transmissioxiSf based oh doppler and 
the first indication of bearing drift. Target 
angle» on the other hand, is derived from more 
precise data. It is necessary to know the sub-- 
marine's course, which can be determined only 
by tracking the submarine for several minutes. 
In many attacks, it is dlt&oult to report an 
accurate target angle because of radical maneu-- 
VMS by the submarine or because of insufficient 
time to determine target: angle. In such In-- 
stances, target aspect Information necessarily 
must sufflqe for the conning officer to estimate 
the target angle and adjust the attack lead 
accordingly, . • .• /-^.v . • • 

In antisubmarine warfare* there is little time 
between detection and attack. Target aspect thus ^ 
affords a means- of reportiiig reUable informa-- 

tlon. quickly, v'-' :;;;;":';v^';:;;j::^;./-.tv;;>^i h^hmr-y.- 

. Aboard a subnuurlne, tiarget^ 
by a method known as angleKvpn the bow (Ab). 
Whereas the ship uses 360^ for computing target 



angle, the submarine uses only 180®, specifying 
port or starboard side. To illustrate, a destroyer 
has a submarine bearing 070^, Aboard the 
submarine the target angle would be reported 
as ''Angle on the bow, starboard 70," A rela-- 
tive bearing of 345® from ship to target is 
reported on the submarine as ''Angle on the 
bow, port 15,*' Figure 3-14 illustrates some 
an^es on the bow. 

Target angle is not all guesswork. It can be 
computed accurately by using the formulai: target 
angle equals true bearing plus 180® minus target 
course. Expressed in fire control symbols, the 
formula reads: Bts = By+180-C. where— 

Bts=> target angle. 
By » true bearing, 
C » target course. 

Assume that you are on a ship and tracking 
a submarine bearing 270®, coiirse 135®. Find 
the target angle by applying the preceding for- 
mula. Thus: 

Bts = 270® + 1?0® - 135® 
, Bts = 450® - 135® 
Bts = 315® 

An example of computing this target angle is 
seen in figure .3-15, In effect, the +180® in the 
formula allows the viewer to change places so 
that he may see his own relative bearing firom 
the target. Compare the relative bearing of the 
destroyer firom the submarine with the value 
computed for target angle. 

If the product of By + 180® is less than target 
course, 360® must be added to the equation before 
subtracting target course. Example: A target 
is on course 270®, bearing 010®. 

Bts = 010® + 180® 
Bts = 190® + 360® 
Bts = 550® - 270® 
Bts « 280® 

Angle on the bow (Ab) may be computed in 
the same manner as target angle, with one 
exception. Because the answer is in degrees 
of relative bearing, it must be converted to 
degrees port or starboard. Referring again to 
figure 3ri5, you see that the destroyer bears 
090®T and is on course 240®. 

Ab « 090® + 180® - 240® 

Ab = 270®-240® 

Ab « 030® or starboard 30. . 

U the answer is greater than 180®, subtract 
the answer from 360® to obtain angle on the 
bow to port. 
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Target course can be determined by the subtracted from By. Conversely, if Ab Is to 
formula C = By ± (180 - Ab). If Ab is to port, starboard, the solution within parentheses is 
the resultant of the figures in parentheses is added to true bearing. 



CHAPTER 4 

PHYSICS OF SOUND 



Sonar is an electronic device that utilizes 
sound energy as a means of locating submerged 
objects, such as submarines. The equipment 
may be either active or passive. Sonar of an 
active nature transmits the sound energy into 
the water and must depend on the returning 
echoes bouncing off the tarf^et to provide bearing 
and range information. Passive sonar depends 
for bearing information on sounds originated by 
the target (such as screw cavitation, machinery 
noises, and so forth). 

This chapter, then, deals with sound and its 
behavior in sea water. 

WHAT SOUND IS 

Sound is the physical cause of your sensation 
of hearing. Anything that you hear is a sound. 

Soxmd travels in the form of waves, Mdiich 
vary in length according to their frequency. 
A sound having a long wavelength is heard at 
a low pitch; one with a short wavelength is 
heard at a high pitch. A complete wavelength 
is called a cycle, and the number of cycles 
per second is the sound's frequency. Frequencies 
are now measured in the Hertz system, 1 hertz 
(Hz) being equal to 1 cycle per second. Fre*- 
quencies of 1000 ops or more are measured in 
kllohertz (kHz). Normally, sounds below 20 Hz 
or above 15 kHz are beyond the human hearing 
range. Between these two ^equencies is the 
average human audible range. More information 
on the characteristics of sound is given in the 
next section of this chapter. 

REQUIREMENTS FOR SOUND 

Before sound can be produced, three basic 
elements must be present. (See fig. 4-1.) Thede 
elements are a source of sound, a. medium to 
transmit the sound, and a detector to hear it. 
If there is no source to generate a noise, then 
there can be no sound. The same theory holds 
true for the other required eleinents. 
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Figure 4-1.— The three elements of soimd. 



You may recall the experiment in which a 
bell was placed inside a Jar containing a vacuum. 
You could see the bell ringing, but you could 
hear nothing because there was no medium to 
transmit sound from the bell to you. What about 
the third element, the detector? You may see ^ 
a source (such as an explosioi^ apparently | 
producing a sound, and you know the medium i 
(air) is present, but you are too far away to | 
hear the noise. So far as you are concerned, ; 
there was no detector and, therefore, no sound. { 
For purposes of this text, we must assume 
that sound can exist only when an auditory 
vibration is caused by a source, is transmitted 
through a medium, and is heard by a detector. 
Figure 4-1 illustrates this assumption. The 
beU vibrates on being struck, thus acting as a 
sound source. The vibrating bell moves the 
particles of air— the medlumr-in contact vrith 
it. And the sound waves travel' to the ear, which 
acts as the detector. 

Source 

Any object that moves rapidly to and fro, 
or vibrates and thus disturbs the medium around 
it, may become a sound source. Bells, radio 
loudspeaker diaphragms, and stringed instru- 
ments are familiar sound sources. 
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Medium 

Sound waves are passed along by particles 
of the material through which they travel. The 
elasticity of the medium determines the ease, 
distance, and speed of sound transmission. The 
greater the elasticity, the greater the speed 
of sound. The speed of sound in water is about 
four times that In air, for example; in steel, 
it is about 15 times greater than in air. 

Detector 

The detector acts as the receiver of the 
sound wave. Because it doesn't surround the 
source of the sound wave, the detector absorbs 
only part of the wave's energy, thereby usually 
re(^ring an amplifier to boost the signal's 
energy to permit reception of weak signals. 

THE EAR AS A SOUND DETECTOR 

The limits of himoian hearing are determined 
by two interacting physical variables, frequency 
and intensity, and several other conditions that 
are dependent on the individual variables (in- 
cluding age, state of health, attention, and prior 
e>q)08ure). the limits of hearing, however, are 
normally between 20 and 20,000 hertz for young, 
healthy persons, provided the upper cmd lower 
freqpaencies are sufficiently intense. For healthy, 
middle-aged persons, however, the iq>per limit 
may lie between 12 and 16 kHz, the low-frequency 
threshold remaining about 20 Hz. For purposes 
of thiiB text, sounds citable of being heard are 
called sonios. Sounds below 20 Hz are called 
subsonios, and those above 15 kHz are known 
as ulbrasonios or supersonics. The term ''tdtra- 
sonic** merely refers to acoustic phenomena 
above the level of human hearing. A 15-kHz 
vibration might be ''ultrasonic" for the average 
60-year old person. 

Early active sonar equipments transmitted 
ultrasonic sounds through the water. Along with 
other sounds, they receiveid echoes of these 
ultrasonio'sbunds cmd converted them into audible 
ones . Modern : active sonars transmit sounds 
within the audible range. iBecause these trans- 
missions w very Mg^ tones, however, the 
equipment converts them into lower ones tetter 
suited for listening. 

lie human "ear is a good sound detector. 
It can dbtect a wide range of frequencies^ but 
does not respiond equally well to all of them. 
Figure 4-2 illustratieis the variation in the amount 
of power that is barely audible to the average 
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Figure 4-2.— Frequency sensitivity of the 
human ear. 



ear at differe;it frequencies. It is evident from 
this chart that the ear is most sensitive to 
frequencies in the range from about 1000 Hz 
to 2000 Hz. The average person finds an 800-Hz 
note a rather pleasant one to listen to for long 
periods of time. In underwater echo ranging 
equipment, the echo frequency commonly is 
converted to an 80p-Hz note. 

Never turn up the volume on sonar equipment 
so that echo sounds are louder than necessary. 
One reason is that the ear is not a sensitive 
detector of relative changes in sound intensity. 
An increase or decrease of about one-fourth 
of the total power must take place before the 
ear notices any dii^erence. 

An intensely loud sound slightly paralyzes 
the ear, reducing its ability to hear low-intensity 
sounds that fdlow immediately. This effect is 
similar to one you probably have experienced with 
light. If you look into a very strong light, your 
eyes are blinded momentarily. 

The ear is a sensitive detector of change in 
pitch. An average person can tell when sounds 
differ a few cycles in pitch, even though they 
cannot detect the change in intensity. This faculty 
is known as pitoh discrimination. It is a great 
help in selecting firom a background of reverbera- 
tions a submarine echo of slightly different 
pitch, that is, one with doppler. 

Here's a summary of your ear'Q character- 
istics: 

1. Your ear does not readily detect small 
relative changes in sound intensity. It is not 
sensitive to hig^ and low audible frequencies. 
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2. Your ear is sensitive to the SOO-Hs note 
for which sonar equipment is designed. Your 
ear temporarily is paralyzed by very loud signals 
so that you may not hear the weaker signals that 
follow. 

3. Your ear has the property of pitch dis- 
crimination. This characteristic will aid you iu 
selecting an echo from the background of noise 
and reverberation* 

Heavy gunfire may cause permanent deafness 
or other injury to your ears. Use ear protectors 
or cotton when near gunfire » and take every 
possible precaution to protect your hearing. As 
a Sonar Technician, you are essential to the 
successful fighting of your ship. Your ability to 
operate the sonar depends on the effectiveness 
of your hearing. 

WAVES IN GENERAL 

Waves may be classified by types as trans- 
verse and longitudinal. A transverse wave is one 
wherein the particles of the ^medium through 
which the wave is passing move at ri^t angles 
vertically to the wave's direction. In a longi- 
tudinal wave the particles move back and forth 
along the wave* s direction ol travel, resulting in 
compression and rarefaction - of the wave. An 
example of a transverse wave is a water wave. 

• Throw a stone into a pooLA series of circular 
waves travels away ftom the . disturbance. In 
figure 4-3 such waves are diagramed as though 
seen in cross section. Observe that the waves 
are a succession of crests and trough* The 
wavelength (1 cycle) is the distance firom the 
crest of one wave to the crest of the next wave. 

The amplitude of a , transverse wave is half 
the distance^ measured vertically from crest to 
trough^ and serves to indicate the intensity of 
the wave motion. 
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figure 4-3. 77-Elements o^ ^ wave. 
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Figure 4-4.— Longitudinal waves. 



SOUNDWAVES 

Sound waves are longitudinal or compression 
waveSf set up by some vibrating object such as 
a sonar transducer. In its forward movement, 
the vibrating transducer pushes the water par- 
ticles lying against it, producing an area of high 
pressure, or compression. 

On the backward movement of the trans- 
ducer^ ,.the water particles return to the area 
from, which they were displaced during com- 
pression ^and travel beyond, producing an area } 
of low pressure, or a rarefaction. The com- j 
pression moves outward by pushing the water 
particles immediately in front of the compressed 
particles. The rarefaction follows the cbmpres- 
sion, transferring ths4)ull produced by the back- 
waJi^d movement to the particles immediately 
aheadi /nie; of the trans- 

ducer prochiceS: another compression and so on. 
In figure 4r4 the compressions are represented 
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The sound wave. 



by dark rings. As the sound waves spread outp 
their energy simultaneoxisly spreads through an 
increasingly large area. Thus the wave energy 
becomes weaker as distance increases. 

Another Way of representing the actions of 
a sound wave Is illustrated in figure 4-5; Com- 
pressions are shown as hiUs above the reference 
line, and rarieif actions as valleys below it. The 
wavelength is the distance from one point on a 
wave to the next point of similar compression. 
The change occurring in compression and rare** 
faction in the space of 1 wavelength is called a 
cycle. 

Frequency 

The frequency of a sound wcnre is the number 
of vibriatlons per second produced by .,the sound 
source. A sonar transducer, for example, may 
transmit on isi . <£^e<ipency of 5 kHs^ or 5000 
vibrations per second. Motion is inipar^ 
the sound vrave by ttie back--anci**forth movement 
of th<e particles of the m passing 
the wave aipng^^ the particles them- 

selves have very little actual inovmient • \^The 
i^ye, however /^^lay toayel great distaiices at 
a high rate of speed. \ 

bensity/V. ; \, , .'-'r^' 

Perhaps ^you've heard people speak of a heavy 
fog as bein£ l^thlck ais pea so 
condition Mftould be ' a< dense fog: caused by the 
^atinosphere being fiUed witti ' am^^^^ of 
water • called vkpor bondfiinsatlon. A fog-^fllled 
•atnioBphere is heavier (because {of thCi'v^ight 
of thiei water^pib^clei^ ihit) thm atnnios- 
phere. The nieaBure for this ''thickness** of a 



substance is called density, and is defined as $ 
^'weight per unit volume.** In the study of general 
physics, density of any substance is a com- 
parison of its weight to the weight of an equal 
volume of pure water. Because of the salt 
content (salinity) of sea water, it has a density 
greater than that of fresh water. 

Density is also an indication of the sound 
transmission characteristics of a substance, or 
medium. When a sound wave passes tlirough a 
medium, it is transmitted firom particle to 
particle. If the particles are loosely packed 
(as they are in fresh water as compared with 
sea water), they have a greater distance to 
move to transmit the sound energy. In so doing 
time is consumed, and the overall result is a 
slower speed of sound in a less dense medium. 

Density and elasticity are the basic factors 
that determine sound velocity. The formula for 
determining velocity is: 



\/4 



where c equals velocity, E equals the medium*s 
elasticity, and p equals the medium* s density. 
Variations in the basic velocity of sound in the 
SjBa are paused by changes in water tempera- 
ture, pressure, and density, as will be seen in 
the section on sound propagation. In fresh water 
of 65^F, sound velocity is approximately 4790 
feet per second {tpa). In sea water, velocity 
depends on pressure and temperature in addition 
to salinity. For all practical purposes, you can 
assume that sound travels at a speed of 4800 
^s in sea water of 39^F. 

Wavelength 

If a' sonar transducer vibrates at the fate of 
25,000 vibrations per second, and if the tempera- 
ture is 39^F, the first wave will be 4800 feet 
away at the ^nd of the first second. Between the 
transducer axid the front of this wave there will 
be 25,000. compressions. Thus, the wavelength, 
that is, the d^^ between points of similar 
ppjDipareissidn, ihust be 4800 + 25,000 or 0.192 foot, 
beciause there are' 25,000 qompreiss^^ extending 
through a\'(ttstand^ 4800 feet. The wavelength 
always can be found if the frequency and the 
yelociiy are knovrn. Formula: • 
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t 

wavelength is 0.4 foot and the QUALITY 



Suppose the 

frequency is 12 kHz. What is the velocity? 



^ Velocity. 
12,000 

Expressed another way, velocity = 0.4 x 12,000 = 
4800 ^s. If the wave length and the velocity are 
known, the firequency can be found in a similar 
manner* 



Frequency 



Or, frequency = 4800 0.4 = 12 kHz. 



CHARACTERISTICS OF SOUND 

Sound has three basic characteristics: pitch, 
intensity, and quality. Together they make up 
the tone of a sound. With the proper combina- 
tion of charaoteristics, the tone is pleasant. 
With the wrong combination the sound quality 
degenerates into noise. 

PITCH 

An objeot that vibrates many times per second 
produces a soiud with a hi|^ pitch, as in the 
instance of a whistle. The slower vibrations of 
the heavier wires within a piano cause a low- 
pitohed soimd. Thus, the frequency of vibration 
determines pitch. When the frequency is low, 
soiuid waves are long; when it is hig^, the waves 
areshort» , 

INTENSITY 

Intensity and loudness often are mistaken as 
havii^ the same meaning. Although they are 
related, they actually are hot the same. Intensity 
is k nieasure of a sound's energy. Lbudneiss is the 
effect bf intensity on ian incUvidual, ih the sa^ 
manner that pitoh is the etteoi] of foequeito^ 
Increasing the intensity' causes an inot^ 
loudness, but not in a directproportlon. To double 
the loudness of a spUiid requires about a tenfold 
increase in the soimid's intensity. 



The quality of a sound depends on the com- 
plexity of its sound waves. Most sounds consist 
of a fundamental frequency (called the first 
harmonic), plus several other frequencies that are 
exact multiples of the fundamental. The funda- 
mental is the lowest frequency component of the 
sound wave. By combining different fundamentals 
in suitable proportions, a tone can be built up to 
a desired quality. Musical tones are produced 
by regular vibrations of the source; when the 
source vibrates irregularly, the sound is called 
noise. By sounding together the proper organ 
pipes, any vowel sound can be imitated* On the 
other hand, drawing a fingernail across a black- 
board creates a noise of a different sort. 

DECIBELS 

Throughout your Navy career as a Sonar 
Technician, you will be using decibels as an 
indicator of equipment performance. Power output \ 
and reception sensitivity of a sonar equipment 
are measured in decibels, which are used to 
express large power ratios. 

In the decibel system, the reference level is 
zero decibel (0 db), which is the threshold of | 
hearing. The pressure level, or signal strength, | 
of underwater sounds is compared to the 0 db \ 
level, and is given either a positive or a negative f 
value. Sonar receivers are capable of detecting \ 
sounds having a signal strength below the 0 db 
level. In such instances, the signal is given a 
minus db value. 

The reason for using the decibel system when 
expressing signal strength may be seen In table i 
4-1. It is much easier to say that a source level 
has increased 50 db, for example, than it is to 
say the power output hasincreasedlOO,OOOtimes. | 
The amount of power increase or decrease from | 
a reference level is the determining Victor— not 
the refermce level itself. Whether power output is 
increased from 1 watt to. ^100 watts, or from j 
1000 watts to 100,000 watts, it still Is a 20-db ! 
increase. (See table 4-1). 

Examine table 4-1 again, and tajce particular 
note of the power ratios for source levels of 
3 db and 6 db (also 7 and 10 db). It can be seen 
that to increase a sonar's source level by 3 db, 
it is necessary to double the output power. As 
a typical example,, if the sonar source level 
drops from 140 db tp 137 db, the sonar has lost 
half its power. Any, 3-db loss, no matter what 
the source level, means loss of half the former 
power. : > : • 
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Table 4-1.— Decibel Power Ratio Equivalents 



Source Level (db) 


Power Ratio 


i 
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1.8 


3 
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2.0 
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■ 


3^ 


6 
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4.0 


7 


■ 


5.0 


10 


■ 


' 10 


20 




100 


30 




1000 


40 


■ 


10,000 


SO 


a 


100,000 


60 


a 


1,000,000=10 


70 




10,000,000 «10 


100 




loll 


110 


a 


10* 


140 


a 


10" 



Now let's see what is required to increase 
a sonar's range. To double the range of a sonar 
requires a source level increase of approximately 
27 db. This power increase is equivalent to about 
500 times, which obviously is impractictd. By 
another methodi such as increasing receiver 
sensitivity, the range can be increased fairly 
easily, although it may not be doubled. 

So far we have discussed the diecibel mainly 
in relation to power output, but the decibel also 
is used to determine receiver sensitivity. Re- 
ceiver sensitivity is measured in minus numbers, 
which rq[xresent the number of decibels below a 
reference level that a signal can be detected by 
the receiver. The largef the negative number, 
the better the sensitivity. Althoiic^ the range 
would not be doubled, it is ilrare practical, for 
instjanoe, to increase a receiver's sensitivity 
i^m 112 db to 115 db than it is to double the 
ou^t power of the sonar transmitter. Also, 
it is not always necessary to increase the 
sensitivity of the receiver itself. An effective 
increase of severid. decibels may be achieved 
if local noise levels oan. be reduced in such 
sources as machinery, flow noise, crew noise, 
etc. . .-^ 

NOISE ;• ^ ■ . 

The niost complex sound wavie is one in 
which the sound pbnsists of numerous frequencies 
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across a wide band. Such a form of sound is 
called noise because it has no tonal quality. 
The source of several types of noises may be 
identified easily, however, because of the standard 
soimd patterns of the noises. Ship noise, for 
instance, consists of many different sounds mixed 
together. You may be unable to distinguish a 
particular sound, but, on the whole you could 
recognize the sound source as a ship. Some 
noise sources are shown in figure 4*6. The 
sources of many noises detected by sonar have 
not yet been identified. Explanations of some 
kinds of noises that have an adverse effect on 
a sonar operator follow. 

Ambient Noise 

Ambient noise is background noise in the sea 
that is due to natural causes. Different phenomena 
contribute to the ambient background noise. 
Many of the sources ax:e known and their effects 
are predictable, but many still are unknown. 
From this united, background ndse, the sonar 
operatorr^^ must be able, to separate weak or 
intermittent target noises. In general, the average 
operator requires a target algyzL strength of 
4 db above background noise^ 
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• Thermal noise: The absolute mlnlmiun noise 
In the ocean Is called thermal noise. As the 
name icapUes, It Is a function of temperature. 
This noise is created by the motion of the 
molecules of the liquid itself and is difficult 
to measure, 

• Residual minimum: The lowest noise level- 
that normally is measurable is called residual 
minimum, Afferent unknown phenomena un- 
doubtedly contribute to the minimum observable 
value. The pcdnt of interest, however, is that 
you are never likely to encounter amMent noise 
levels below the residual minimum, 

e Surface agitation: For a sizable region above 
the residual minimum noise, the iamtiient noise 
levels appear to be related to the surface agita- 
tion. Usually, agitation of the surface of the 
sea is measured as sea state. Surface wlndspeed, 
however, ordinarily is a more relial^le measure 
of expeoted ambient noise than sea state. As 
the wind rises, the surface becomes more and 
more agitated, causing the ambient noise level 
to rise. Normally noise levels in this reglcm are 
associated with what is called sea noise to 
distinguish them from other noises^ which really 
are not caused by the sea itself, A heavy rain, 
fbr instance, will add greatly tfd the ambient 
noise, 

■■) •■"! ' ' ■ ' 

Flow Noise — " — 

As an object moves throuj^ water, there 
is a relative flow between the object and the 
medium. This flow is eaislest to understand by 
assuming that the object is stationary and that 
the water Is moving past* the object. If the 
6bject is reasonably streamlined and its surface 
li^ smooth, and if it lei nidving very slowly; a 
flow patter^' idiown as laminar flow is set up. 
Such a pattern is shown in vl^ A in flpire4-7, 
i^ere the lines represent the paths fbUbwed 
by the water as it flowd around the object. If 
the flow is laminar, all lines are smooth. Although 
laniinar flow produces little, if any ndse, it 
occurs^ only at very low fifpeeds-^perhajpMi less 
thi^ 1 or 2 khots.^ 

If tlie siieed of is increased, whotls 

and eddies begin to appear in the flow pattern, 
i^B seeii 'ln pjurt'B in fl{^^ tUs idi^nom- 

enon id called turbid)Bnt'flcw^^^ 
obcur polntii '^ex^ widely diif-^ ' 

fsreint from the static the medium, 

Thiis-' we have, in effebt^ a ndii^e field; If a 
hydrophone is placed iiif sticA a rc^bh^^^ 
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Figure 4-7,— Patterns of flow noise, 
A— Laminar flow; B— Turbulent flow. 



fluctuations of pressure will occur on its face, \ 
and what is called flow noise will be observed ; 
in the system. 

As pressures fluctuate violently at any one , 
point within the eddy, they also fluctuate violently ] 
from point to point inside the edci^. Moreover, 
at any given instant, the average pressure of the ; 
eddy as a whole differs but slight]^ from the 
static pressure. Thus, very little noise is radiated 
outside the area of turbulence. Hence, althous^ a ; 
8taip-*mounted hydrophone may be in an intense 
flow noise fleld, another hydr<mhone at some i 
distance from the ship may be unable to detect 
the ' noise at all. Flow noise, then, is almost i 
exclusively a self-nolse problem. 

Actually, not much information is known i 
about flow noise, but these general statements \ 
may be made about its effect on a shipborne ; 
hy&qphcme: (1) It is a function of speed with a 
sharp threshold. At very low speeds there is 
ho" obs^able flow noise, A slight increase 
in ifSfj^d changes the flow pattern firom laminar 
to! turbulent, tmd strong flow noise is observed 
immediately. Further increases ih speed step 
tqi the intensity of the noise, (2) It is essentially 
a ' 16w-frequiency noise, (3) It has very hig^ 
leiireie within the area of turbulence, but low 
levels in the radiated fleld. In ;general, the 
noise ^eld is strongest at the surface of the 
nioving'bbdy, decireasing rapidly as you move 
away from the surface, 

- :As the speed of the ship or object is in* 
creased still fiirther, the local pressure drops 
low enoii^ at some points to allow the forma-* 
tibh^ of gas bubbles. This decrease in pressure 
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represents the onset of cavitation. The noise 
associated with this phenomenon differs from 
flow noise. 

Cavitation 

Cavitation is produced whenever a solid object 
moves through the water at a speed great enougfi 
to create air bubbles. After a short life, most 
of the bubbles collapse. The sudden collapse of 
the bubbles causes the acoustic signal known as 
cavitation noise. Each bubble, as it collapses^ 
produces a sharp noise signal. 

Because the onset of cavitation is related to 
the speed of the object, it is logical that cavita- 
tion first appears at the tips of the propeller 
blades, inasmuch as the ''speed of the blade tips 
is considerably gx^eater than the propeller hub. 
This iflienomenon, known as blade tip cavitation 
is illustrated in figure 4-8. 

As the propeller speed increases, a greater 
portion of the propeller's surface is moving 
fast enough to cause cavitation, and the cavitating 
area bef^ns to move down the trailing edge of 
the blade. As the speed increases further, the 
entire back face of the blade commences cavi- 
tating, producing what is known as sheet cavita- 
tion. This forni of cavitation is shown in figure 
4-9. Cavitation noise is rl^redto as hydrophone 
effects. 

The amplitude and frequency of cavitation 
noise are affected considerably by changing 
speeds. Cavitation noise versus speed at a 
constant depth is diagramed in figure 4-10. 
The curves shown are idealized; they do not 
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Figure 4-9.— Sheet cavitation. 



represent any particular submarine. Note the 
great difference in noise level caused by the 
addition of only 20 turnSp from 90 rpm to 110 
rpm. At 90 rpm there is no cavitation; the noise 
level is (hie to flow noise andbaokg^und noise. 
At 110 rpm cavitation has started, and the noise 
level has gone up many decibels, with a peak 
amplitude at about 400 Hz. As speed is increased 
fiirther, the amplitude peak tends to move toward 
the lower frequencies. The amplitude increases 
at a lesser rate, but covers a tooader frequency 
band. The curves are also characteristic of a 
submarine on the surface and of surface war- 
ships, although the amplitude levels may be 
different. 
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•Blade tip cavitation. 
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Figure 4-10.— Speed effect on cavitation noise. 
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Figure 4-11.— Depth effect on cavitation noise. 



Cavitation noise versus depth at a constant 
speed (170 rpm) is shown in figure 4-11. The 
upper curve is the same as the upper curve 
in figure 4-10. As fhe submarine goes deeper, 
the cavitation noise decreases and moves to 
the higher frequency end of the spectrum in 
much the same manner as though speed had 
been decreased. This decrease in noise is caused 
by the increased pressure with depth, which 
tends to compress cavitation noise. The curves 
are not exactly the same as those shown in 
figure 4-10, but the similarity is readily apparent. 

Machinery Noise ' 

Machinery noise is produced aboard ship by 
the main propulsion machinery and by any or 
all of a large number of auxiliary machines 
that may or may not be connected with the 
main propulsion system. Machinery noise usually 
is producedby rotating or reciprocating machines. 
Most noise of this t;^ is generated by dynamic 
imbalsince of the rotating portion of the machinery 
that causes a vibration within the niachine. Such 
a vibration may then be transmitted ^oug^ the 
machine mounts to the Indl, from where it is 
radiated into the water as acoustic energy. 

Shipboard Noise 

In addition to the machinery discussed so 
far, there are many other shipboardnoise sources 
over which you probably will not have any 
control. Some of the noise sources are fire 
and flushing pumps, air compressors, refrigera- 
tion machinery, air conditioning systems, diesel 



generators, gasoline pumps, blower motors, and 
portable power tools. Ai^ (or all) of the afore- 
mentioned equipment may be operating at any 
one time, adding greatly to the noise radiated 
by the ship, and therefore entering the sonar 
receiver. If the combination of these noises 
becomes too great for effective sonar search, 
ask your watch supervisor to request the COD 
to seciure all nonessential equipment. Another 
noise source is circuit noise, generated within 
the sonar equipment itself. This noise may be 
in the form of a 60-hertz hiun, staticlike noises 
from electric cables due to improper cable 
shielding, or leakage currents from other sources 
entering the receiver stages. Unlike ambient 
noise, however, this type of generated noise may 
be controlled. 

Marine Life 

* A sonar operator may hear many strange 
sounds during his time on watch. He may have 
to listen to (and try to identify) the source of 
whistles, shrieks, buzzes, pings, knocks, crack- 
lings, and other weird noises not ordinarily 
associated with the sea. Most of these noises 
probably come from different species of fish, 
but only a few have been identified positively. 
Following are descriptions of a few marine 
life noises. 

Porpoises give out a whistling sound and 
sometimes a sound like a chuckle. (Submarine 
hydroplanes and rudders sometimes also give 
off a whistling sound.) These mammals are 
found in all ocean areas of the world. 

Snapping shrimp are common around the 
world between latitudes 45"^ and 45"^, usually 
in waters less than 30 fathoms deep. As you 
approach a bed of snapping shrimp, you hear 
a buzzing sound. As you go closer, the sound 
resembles fat sizzling on a fire, then becomes 
similar to that given off by burning brush. 

Whales, which are found in all oceans, give 
off a variety of sounds, including knocks, groans, 
pings, and one resembling a swinging rusty gate. 
The knocking sound of the sperm whale resembles 
the noise of hanmiering. Sperm whales and other 
large species seldom are heard in waters 
shallower than 100 fathoms. Blackfish, which 
are similar to whales, emit a whistling sound 
like a porpoise, but clearer in tone. 

The preceding examples of marine life noises 
are Just a few that you will encounter. Do not 
let Jhd strange sounds mislead or distract you. 
A valid target may be Just beyond the whale you 
are listening to. Available tapes and films 
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describe manv biologio noises. All Sonar Tech- 
nicians shoxifil review these tapes and films 
periodically to maintain proficiency in their 
recognition of sounds. 

UNDERWATER SOUND TRANSMISSION 
LOSSES 

New that you know something of the theory 
of sound, you are ready to take a closer look 
at Mifhat happens to an underwater soimd pulse. 

To gain the fiill benefit of echo ranging sonar 
equipment, you must be able to transmit an 
imderwater sound pulse and recognize the re- 
turning echo f^m a target. Detection of the 
echo depends on its quality and relative strength, 
compared with the strength and character of 
other sounds that tend to mask it. 

Smar Technicians must know (1) what can 
weaken sound as it travels throuj^ water, (2) what 
conditions in the &ea determine the path and 
speeii jt sound, and (3) what objects affect the 
strength and character of the echo. 

When a sound wave travels through water, it 
encounters elements that reduce its strength. 
Any signal strength lost in this manner is known 
as a transmission loss. 

TRANSMISSION LOSSES 

As a sound pulse travels outward from its 
source, it becomes more and more weakened. 
Much of its energy is lost because of sea 
conditions and distance. Three factors directly 
related to sound transmission losses are diver- 
gence, absorption, and scattering. The latter two 
are referred to as attenuation loss, and are 
dependent on transmission frequency. Divergence 
loss is independent of frequency. 

Divergence 

When a sound wave is projected from a 
point source, it assumes a spherical shape, 
spreading equally in all directions. This spread- 
ing is called divergence!, and the further the 
wave travels, the noore energy it loses. The 
energy lost by a sound wave due to spherical 
divergence is inversely proportional to the square 
of the distance from its source, or 6 db each 
time the range doubles. 

In shallow water areas, the surface^ and 
bottom are boundaries that limit the vertical 
divergence of the sound wave. Consequently, 
the expanding wavefront is cylindricalt rather 
than spherical, in shape. Cylindrical c^reading 



loss is only half that of a sphere, or 3 db each 
time the distance is doubled. Spreading loss 
at close range is very high, but beyond about 
2000 yards the loss becomes less significant. 

Absorption 

In the topic on sound waves, you learned 
how a sound pulse moves through water. The 
repeated compresBions and rarefactions of the 
sound wave cause the water molecules to move 
back and forth, thus passing the sound wave 
along. An old saying goes: "You can*t get some- 
thing for nothing.** In our illustrative case, 
energy is lost (in the form of heat) by the sound 
pulse in its efforts to compress the water. 
Energy lost to the medium in this manner is 
called absorption loss. 

Scattering 

Besides losses caused by divergence and 
absorption, a sound wave loses energy due 
to the composition of the medium through which 
it passes. Composition of the sea naturally 
varies from place to place, and from time to 
time. In general; however, sea water contains 
large amounts of minute particles of foreign 
matter and many kinds of marine life of all 
shapes and sizes. Each time the sound wave 
meets one of these particles, a smaU amount 
of the sound is reflected away from its direc- 
tion of mo^ment and is lost. The reflection 
losses to the water are known ae scattering 
losses. Some of the scattered energy is re- 
flected back to the sonar receiver and is then 
called volume reverberation (discussed later 
in this sectim). 

REFLECTIONS 



When a sound wave strikes the boundary 
between two mediums of different densities, 
the wave will be reflected, just as ligjit is 
reflected by a mirror. Some of the energy 
will be lost, but most of it will be reflected 
at an angle equal to the angle of incidence. 
The angle of incidence is the angle, with respect 
to the perpendicular, at which the wave strikes 
the boundary. According to the physics law of 
regular reflection (reflection from a smooth 
surface) the angle of reflection equals the angle 
of incidence. 
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Reflection takes place whenever the sound 
hits the boundary between sea and air (sea 
surface) and between sea and bottom, and when 
It hits a solid objeot, such as a subnwrine. 
The amount of energy reflected depends on the 
object's density, size, shape, and aspect. More 
energy is reflected by a submarine broadside 
to tlie sound beam than by one that is bow on. 

Surface Effect 

Because the density of water is several 
hundred times that of air, practically all of a 
sound wave is reflected downward when it strikes 
the suirfaoe boundary. This effect is true only 
when the surface is quite smooth, however. 
When the surface is rougjh* scattering takes 
place. 

Bottom Effect 

The bottom of the sea reflects sound waves, 
too. In deep water, this aspect need not be 
o<msidered» but in waters of less than 100 
fathoms, the sound may be unwantedly reflected 
trom the bottom. Other considerations being 
ecpial, transmission loss is least over soft 
mud. Over roafjti and rocky bottoms, the sound 
is scattered, resulting in strong bottom re- 
verberations. 

REVERBERATIONS 

You probably are acquainted with the effect 
in an empty room where your voice seems to 
echo all around you as you talk. After you 
stop talking^ the sound continues to bounce 
around the room from wall to wall until it 
finally is absorbed by the walls and the air. 
The sound level in the room while you are 
talking is bilker than normal because of the 
reverberation effects. The same effects can 
also be observed in the ocean* Reverberation 
in the ocean usually is divided into three cate- 
gories. They are reverberations from the mass 
of water, from the surface, and from the bottom* 

The following discussion on reverberations 
may seem llke a repetition of the topic onre- 
flectlonSt but Ihe two phenomena ;are not the 
same. Althouc^ reverberations are refiections, 
all reflections do not become reverberations. 
All the processes cwtrlbutlng to reverberation 
are random in nature, with the remit that 
reverberation amplitudes vary over, wide limits* 



Moreover, reverberation level is proportional 
to source level and to pulse length. Another 
point to remember is that when you are in 
company with another ship, you may hear re- ; 
verberatlon effects from her sonar in addition 
to your own. 

From Mass of Water 

Reverberation ttom the mass of water is 
called volume reverberation, which was men- 
tioned in the discussion on scattering. Suppose 
a short pulse of sound is sent out from a station- 
ary underwater source, which is immediately 
replaced by a listening l^drophone. As the 
pulse of sound travels through the water. It 
encounters various particles that reflect and 
scatter the sound. Because almost all of these 
particles are much smaller than a wavelength 
of the sound, they do not reflect the sound as 
a flat mirror reflects lig^t. Instead, they absorb 
energy from the sound wave and reradlate this 
energy in all directions. Some reradiated energy 
from each particle returns to the hydrophone 
at the source location and Is heard as a gradually 
fitdlng tone at the same ^equency as the source. 

From the Surface 

Some of the sound energy from the source 
strlkee the surface, the point of impingement 
moving farther and father from the source as 
the sound travels^ If the surface were perfectly 
flat, this sound energy would be reflected as 
though from a mirror, and would bounce away 
from the source in accordance with the law& 
of reflection. But the surface is not perfectly 
smooth, and each wavelet tends to reflect the 
sound in all directions. Some reflected sound 
returns to the hydrophone, adding to the re- 
verberation. 

From the Bottom 

In general, reverberation effects from both 
the mass of water and the surface are smtfll 
compared to bottom reverberation. The bottom 
is usually much rouj^er than the surface. Thus, 
more of the sound is reflected'in other directions 
than fhose e]q)eoted of a reflecting mirror. If 
the water is fairly deep, no bottom reverberation 
occurs for quite sonae time after the pulse, 
bec&iise the sound must be given time to reach 
the bottom and be reflected. Normally, a sharp 
rise eventually occurs in the reverberation level 
after the source 16 cut off. 
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REFRACTION 

If there were no temperature differences 
In the siBa, the sound wave would travel BpproxL^ 
mately in a straight line, because the speed of 
sound would be roug^y the same at all depths. 
As indicated in figure 4-12, the sound would 
spread and become weakened by attenuation at 
a relatively constant rate. 

Unfortunately, however, the speed of sound 
is not the same at all depths. The velocity of 
sound in fiea water increases from 4700 feet 
per second to 5300 feet per second as the 
temperature increases from 30"" to Bff'F. As 
will be seen later in the chapter, salinity and 
pressure also affect sound speed, but their 
effects usually are small in relation to the 
large effects conunonly produced by tempera- 
ture changes. Because of the varying tempera- 
ture differences in the sea, the sound does not 
travel in a straig^ line. Instead, it follows 
curved paths, resulting In bending, sfditting, 
and distortion of the sound beam. 

When a beam of sound passes from one 
mediimi in which its speed is hig^ (such as 
warm water) into <»e in which its speed is 
low (such as cool water), the beam is refracted 
(bent). A sound beam bends away from levels 
^hig^ temperature and hig^ sound velocity, 
md bends toward levels of low temperature 
and low sound velocity. Figure 4-13 illustrates 
the refiraotion of a sound beam. As a result of 
refraction, the range at which a submarine can 



be detected by sound may be reduced to less 
than 1000 yards. This range may change sharply 
with changing submarine depth. 

QUENCHING 

In strong winds and heavy seas, the roll 
and pitch of the echo ranging ship make it 
difficult to keep the sound directed on the target. 
Additionally, the turbulence produces air bubbles 
in the water, weakening the sound waves. Occa- 
sionally this envelope of air bubbles blankets 
the sound emitted by the transducer. Sonar 
operators can tell, by a dull thudding sound, 
when the sound beam is being sent out into air. 
This action is known as quenching. 



PROPAGATION OF SOUND 
IN THE SEA 



We have discussed the various basic phe- 
nomena that cauise power loss in transmitting 
sound: divergence, attenuation (absorption, and 
scattering^, reflections, reverberations, refrac- 
tion (bending, and quenching. Now, we must 
consider the structure of the sea as an acoustic 
medium, and learn the effects of this structure 
on the transmission of sound. 

Of the many conditions aff^tli^ sotbid wave 
travel through the water, the .following factors 
influence its speed. 
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Figure 4-12,'^ Sound travel in water of constant 
temperature. 
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Figure 4-13.— A refracted sound beam. 
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CONTROLLING FACTORS 

The speed of sound wave travel through the 
water is controlled by three conditions of the 
sea. They are: temperature, which takes the 
form of slopes and gpradients; pressure, caused 
by increased depth; and salinity, or the salt 
content of the water. 



Temperature 

With presently operational sonars, tempera- 
ture is by far the most important of the factors 
affecting the speed of sound in water. Depending 
on the temperature, the speed of sound increases 
with increasing temperature at the rate of 4 to 8 
feet per second per degree of change. Inasmuch 
as the temperature of the sea varies from 
fireezing in the polar seas to more than SS^'F in 
the tropics, and may decrease by more than 
30®F from the surftoe to a depth of 450 feet, 
it is. clear that temperature has a great effect 
on the speed of sound. Remember: The speed 
of sound increases when the temperature of 
water increases. 



Pressure 

Sound travels faster in water under pres- 
sure. Pressure increases as ^ depth increases, 
so the deeper a sound wave travels, the faster 
it travels. Pressure effect on transmitted sound, 
although rather small in comparison to tempera- 
ture effects, cannot be neglected. The speed of 
sound increases about 2 feet per second each 
100 feet of depth. 

Salinity 

Sea water has a high mineral content. Salt 
content is spoken of as the salinity of the water. 
The wei^t of the higher density sea water is 
about 64 pounds per cubic foot; that of fresh 
water is about 62.4 pounds per cubic foot. 
This variation is the result of the salt content 
in the sea water. 

The overall effect of increasing the salinity 
of water is to increase the speed of the sound, 
which means that when sound passes through 
water that varies in salinity, it travels faster 
in the saltier water. In the open ocean, the 
values of salinity normally lie between 30 and 
35 parts per thousand. In the region of rivers 
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Figure 4-14^— Normal curves for pressure, salinity, and temperature. 
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and other fresh water sources, the salinity 
valuei^ may fall to levels approaching zero. 
The speed of sound increases about 4 feet per 
second for each^rpart per thousand increase 
in salinity. Salinity has a lesser effect on the 
speed of sound than does temperature, but its 
effect is greater than that of pressure. 

Composite 

Figure 4-14 shows reasonably normal curves 
for temperature, salinity, and pressure as a 
function of depth in the Pacific Ocean and also 
the resulting velocity structure. It should be 
noted^jthat the salinity variation plays a minor 
part in the form of the depth-velocity curve. 
This effect is almost entirely evident in the 
first 500 feet below the surface. The tempera- 
ture curve also shows wide variations in the top 
500 feet. From 2000 feet, downward, the tempera- 
ture is nearly uniform as the water approaches 
the maximum density point at about 40**F. The 
pressure effect is represented by a straight line 
as the velocity increases linearly with depth. 

On the composite curve, it easily can be . 
seen that the velocity in the top 2000 feet is a 
somewhat skewed replica of the temperature 
curve. Below 2000 feet it follows closely the 
straight line gradient of the pressure curve. 



DEPTH AND TEMPERATURE 

Except at the mouths of great rivers, where 
salinity may be a determinant, the path followed 
by sound is governed by the water temperature 
and the pressure effect of depth. 

The pressure effect is always present and 
always acts in the same manner, tending to 
bend the sound upward. Figure 4-15 illustrates 
the situation when the temperature does not 
change with depth. Even though the temperature 
does not change, the speed of soxmd increases 
with depth, due entirely to the effect of pressure, 
and the sound bends upward. 

Figure 4-16 shows what happens when tem- 
perature increases steadily with depth. When 
the surface of the sea is cooler than layers 
beneath it, the water has a positive thermal 
gradient. Although this condition is unusual, 
it does happen, and causes the sound to be 
refracted sharply upward. In certain areas of 
the Red Sea, between A&ica and Arabia, tem- 
peratures of well over lOO^'F have been re<^ 
corded in depths exceeding 1 mile. Moreover, 
the salinity of the wiater in those areas approaches 
30 percent, compared to between 3 and 4 percent 
in most ocean areas. 

When the sea grows cooler as the depth 
increases, the water is said to have a negative 





71.29 71.30 
Figure 4^15.— Pressure^ tends to bend the sound Figure 4-16.— Positive thermal gradient tends 
beam iqiward. to bend the sound wave upward. 
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Figure 4-17.— Negative thermal gradient tends 
to bend sound downward. 



thermal gradient. Here the effect of tempera- 
ture greatly outweigh the effect of depth, and 
the sound is refracted downward. This common 
condition is illustrated in figure 4-17. 

If the temperature is the same throughout 
the water, the temperature gradient is isothermal 
(uniform temperature). In figure 4-18 the upper 



layer of water is isothermal; beneath this layer 
the temperature decreases with depth. This 
temperature change causes the transmitted sound 
to split and bend upward in the isothermal 
layer and downward below it. 

DonU forget: When no temperature difference 
exists, the sound beam bends upward. When the 
temperature changes with depth, the sound beam 
bends away tram the warmer water. 

Under ordinary conditions the sea has a 
temperature structure similar to that in figure 
4-19. This temperature structure consists of 
three parts: a surface layer of varying thick- 
ness, with uniform temperature (isothermal) or 
a relatively slight temperature gradient; the 
thermocline, a region of relative^ rapid de- 
crease in temperature; and the rest of the 
ocean, with slowly decreasing temperature down 
to the bottom. U this structure changes, the 
path rOt a beam of sound through the water also 
changes. 

Layer Depth 

Layer depth is the depth from the surface 
to the top of a sharp negative gradient. Under 
positive gradient conditions the layer depth is 
at the depth of maximum temperature. Above 
layer deptti, the temperature may be \miform. 
If it is not uniform, a positive or weak negative 
gradient may be present. 
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Figure 4-18. --Sound wave splits when tempera- 71.33 
ture is uniform at surface and oool at bottom. Figure 4-19.— Typical layers of the sea. 
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Layer Effect 

Layer effect Is the partial protection from 
echo ranging and listening detection a submariAe 
gains yf/ben it submerges below layer depth. 
Sometimes a submarine, diving through a sharp 
thermocllne while taking evasive action, loses 
the screw noises of the enemy ASW ship. Althou^ 
usually the pinging can still be heard, it is as 
a low intensity signal. On the ASW ship, ranges 
on submarines are reduced greatly when thie 
submarine dives below a sharp thermocllne. 
Often, the echoes received are weak and mushy. 

Shallow Water Effect 

Echo ranging is difficult in shallow water 
because the sound is reflected ^m the bottom. 
When the ship is in shallow water, and the 
ocean floor is smooth, the sound bends down 
from the surface to the bottom, then back up 
to the surface, and again down to the bottom. 
When the transmitted sound acts in this manner, 
there are spaces empty of sonar coverage into 
which a sulnnarine can pass and be undetected. 
In figure 4-20 ybu will notice how a sonar 
contact on a submarine can be lost when the 
submarine enters the shaded area. 

The shaded spaces in figure 4-20 are called 
shadow zones. Contact is regained when the 
submarine enters the wave path again. As shown 
in the illustration, contact is made at long 
range (point A), it is lost (point B), and re- 
gained at short range (point C). Note, however, 
that without the reflection, the maximum range 
would have been the short range at which the 
contact was regained (pohit C). 

The reason for the loss of contact at short 
range is shown at point where the submarine 
passes beneath fhe sound. The distance at whioh 
contact is lost at sfaort range depends on tbmr 
depth of the submarine* Here is a rule at 
thumb for estimating a submarine's depth: 

e The range in yards at loss of contact is 
rou|^ equ&l to the depth of the submarine 
In feet» A dbntaot lost at iOO yards would thiis 
be plrasunied to be abimt ^ 

. Qnoe the ' btihaVlbr tit eovdid in sea water is 
kn6wn« iV la tbaefitt^^ pMdidt aou^ o<mdi-' 
tidim ifli ttie ij6a» I^rom the tdtnptoatid^e ittOlegst 
ci m ifi^ exp^eiibed p^ibti oah judge 
tte mtbditttitn raAia to io^t. A n^ iEk>nar 
Teohnlciim is not expected to know ho# t& 




Figure 4-20.— Shallow water effect on trans- 
mitted sounds 



predict Giound conditions, but he should under- 
stand why results are poor one day and good 
another day. He should know what is meant by 
shadow zones, and the reasons why sound does 
not travel in a straight line. He also should 
be able to distinguish between poor equipment 
adjustment and poor sound conditions. 

Following are some general conditions for 
hearing echoes. 

1. Usually poor near coasts (50 miles) as 
compared to sea conditions farther out. Condi- 
tions for hearing are particularly poor at the 
mouths of rivers. 

2. Better in winter than in summer. 

3. Better at night than in the middle of the 
day, especially in spring and summer. 

4. Better in morning than in afternoon, in 
spring and summer, but .little change if white- 
caps are present. In many localities, however, 
conditions are better in the afternoon than in 
the morningi because of the effect of prevailing 
winds that freshen in the afternoon. 

DEEP WATER SOUND PROPAGATION 

From the preceding discussions, it can be 
concluded that the behavior of the sound wave 
is influenced' considerably by the structure of 
the sea. Most of our .discussion so far has 
pointed out the adverse effects on a sound 
beam in compari!itlvely shallow water— say 100. 
fattibms or less. Now, let's examine some of 
the pranotheha that take place in very deep 
water. 
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Direct Path 



Theoretically, if the sound waves were not 
affected by velocity gradients, all the sound 
waves would be straight lines, and would travel 
in a direct path at whatever angle they left the 
source. In actual practice, however, the sound 
beam follows a path, or paths, as determined 
by the sea condition at the time. 
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Sound Channel 

Figure 4-21 illustrates a combination of 
two gradients of equal slope, one negative and 
one positive. Their Junction is a point of mini*- 
mum velocity. If a sound source transmits at 
this depth of minimum velocity, all of the sound 
beams that start in an upward direction will be 
bent back down, and those that start downward 
will be bent back up. When such a condition 
occurs, we have what is called a sound channel. 
The depth of minimimi velocity is called the 
axis of the channel. In this symmetrical situa- 
tion, a beam that starts out downward will rise 
as hi^ above the channel axis as it went below 
it, and then will be bent downward again. Sound 
will remain in the channel as far as the channel 
exists, and will suffer very little loss as it 
progresses through the channel. 

Sound channels are a rarity in shallow water 
(under. 100 fathoms), but are always present 
in the deep water areas of the world. The depth 
of the axis of the channel is about 350 fathoms 
in the central Pacific and somewhat over 500 
fathoms in the Atlantic. In the polar regions, 
where the surface water is materially colder, 
the axis of the channel lies nearer the surface. 
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Figure 4-21.— Strong negative and strong positive ^ 
gradients forming a sound channel. 
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Figure 4-22.— Convergence zone. 



Convergence Zone 

Another effect that is closely related to the 
deep sound channel is called the convergence 
zone effect. The convergence zone effect is 
now applied to long-range active sonar, but this 
effect long has been used by submarine sonar 
operators. If the sound source is placed near 
the surface instead of near the axis of the 
sound channel, the path followed by the sound 
beam looks somewhat like that in figure 4-22. 

Sound energy from a shallow source travels 
downward in deep water. At a deptb of several 
thousand feet, the signal is refracted due to 
pressure, and returns to the surface at a range 
of about 30 miles. The surface zone is firom 
3 to 5 miles wide. 

The soxmd that reaches the surface in the 
first convergence zone is reflected or refracted 
at the surface, and goes through the same 
pattern again. It produces a zone approximately 
6 miles wide at 60 miles, and another 9 miles 
wide at about 90 miles. Experienced Sonar 
Technicians are fioniliar with this convergence 
zone effect. Often they have picked up strong 
noise signals from targets that appear suddenly, 
show up strongly for a few minutes, and then 
disappear. 

A surface or near-surface contact detected 
in the first convergence zone will have about 
the same signal strength as a target detected 
at 3 miles when no zone is present. Minimum 
depth required along the path of the sound 
beam is about 1000 fathoms. The usual re- 
* quirement is 2000 fathoms for conductiiig con- 
vergence zone searches. The minimum depth 
re^^red is related to the surface velocity of 
the sound, and increases as the velocity in- 
creases. 
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Figure 4-23.— Bottom bounoe effect. 



Bottom Bounce 

For long-range search In water depths over 
1000 fathon\^, newer sonar equipment may operate 
In what Is called the bottom bounce mode. The 
transducer Is tilted downward at an angle so 
that the sound beam strikes the bottom and Is . 
reflected back to the surfaoet as shown in 
figure 4-23. 

Because of the depression angle (15^ to 45^ 
the sound beam Is affected less by velocity 
changes than are sound pulses transmitted In 
the normal mode. At great depths, however 
(2500 fathoms and greater), the sound beam 
usually will be refracted before reaching the 
bottom, thus producing a convergence zone effect. 



DOPPLER 

You probably are ftoilllar with the changing 
pitch of a train whistle as the train passes near 
you at high speed. As the train a^iroaohes, 
the whistle has a hlg^ frequenoy. As the train 
goes by, the frequency drops abruptly and be-* 
comes a long, drawnout sound. The iqn>arent 
change In frequency of a signal resultli^ from 
relative motion between the source and the 
receiver Is known as doppler effect. Figure 
4-24 illustrates doppler effect. 

Each sound wave produced by the whistle is 
given an extra ''push'' by the motion of the 
train. As the train comes toward you, the re«- 
sultant effect Ih an liiorease In i^toh, caused 
by compression of the waves. As the train 
moves awiay jCrom yqu^ the sounds waves_jffe 
spread fiirfiber apari, resulting In a lower pitch. 
^ Because doppler effdot varies inversely with 
the velocity of sound, the effcict is 'much less 
marked In the tea tium it Is In the air^ Doppler 



can, however, be noted by the Sonar Technician 
If he listens carefully. 

Although a stationary receiver was used for 
Illustrative purposes, the same ejects can be 
observed If the receiver Is moving toward a 
stationary source. 

DOPPLER AND REVERBERATIONS 

Earlier in this chapter you learned that 
as a sound pulse moves through the water 
It loses some of Its energy to the water particles. 
The particles reradlate the energy In all direc- 
tions. Part of the reradlated sound Is returned 
to the sonar receiver, and the effect known as 
reverberation is heard. The water particles 
become soimd sources and, as your ship moves 
through the water, doppler effect is noticed. 
The following example should helpclarlfy doppler 
effect for you. 

Your ship is underway at a speed of 15 
knots; sound velocity is 4800 feet per second; 
sound frequency is 12 kHz. The sonar is keyed, 
and 1 second later it is keyed again. During 
the 1-second interval, the first pulse travels 
4800 feet. When the second pulse is transmitted, 
it is only 4775 feet from the first one because 
the ship has traveled 25 feet. Using the formulas 
given in connection with wavelength, you can 
easily determine that the apparent frequency 
of the reverberations frcm ahead of you is 
approximately 12.1 kHz ^ereas those ft^om 
behind your ship have a frequency of about 
11.9 kHz. Reverberations from the beam will 
have the same frequency as the transmitted 
pulse, because the ship is neither going toward 
the p^cles nor away tram them. The doppler 
effect of reverberations is illustrated in figure 
4-25. To determine echo doppler, the Sonar 
Technician compares the tone of a target echo 
to the tone of the reverberations. 
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Figure 4-24.— Doppler etfeot. 
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FlguTje 4-25.— Illustration of doppler. 



No Doppler 

Consider the echo from a submarine that 
la neither going away from nor toward the 
sound beam. It either Is stopped or Is crossing 
the sound beam at a rlg^t angle. If the sub- 
marine Is In either of these situations, It re- 
flects the same sound as the particles In the 
water, and Its echo has exactly the same pitch 
as the reverberationSfii^ch means the submarine 
echo has no doppler. Whenever the pitch ci the 
submarine echo Is the same as the pitch of 
the reverberations, therefore, you know that 
the submarine Is stopped or that you are echoing 
off Its beam, and you would report "Nodoppler.'' 
Figure 4-26 Illustrates a '*no dopifler'* situa- 
tion. 
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Figure 4-26.-^ No doppler. 
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Figure 4-27.— Doppler up. 



Doppler Up 

Suppose the aubmarlne Is coming toward 
the echo ranging ship. In this situation. It Is as 
thougli the submarine were a train approaching 
a car at a crossing. The sound transmission 
reflected from the approaching submai^ne Is 
heard at a hig^ pitch than the reverberations. 
When the echo from the oncoming submarine 
Is higher than the reverberations, report 
''Doppler up.*' When making this report, you 
are telling the conning officer that the sub- 
marine Is heading toward your ship and making 
way through the water. This form of doppler 
Is Illustrated in figure 4-27. Notice In the 
Illustration that the echo frequency of the sub- 
marine on the ship's starboard quarter is the 
same as the ship's sonar frequency, yet it has 
up doppler* Remember, doppler is determined 
by comparing the tone of the target echo and 
the tone of the reverberations. 

Doppler Down 

Just as the tone of a train's whistle de- 
creases In pitch as the train moves away from 
you, so does the doppler of a submarine moving 
away from your ship. No matter where the 
submarine is located In relation to your ship. 
If he is heading away from you, the tonectf 
hia retumliig echo will be lower in jAtoh than 
the tone of the retrerberatlons* Figure 4-28 
. Illustrates two situations when you wcwLld report 
'^Doppler down'V to the conning (rf&cer • 
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Figure 4*-28«— Doppler down. 



DOPPLER REPORTS 

To summarise what you have Just learned 
about doppler: Doppler is the differenoe in 
pitoh between the reverberationB and the eoho. 
When the eoho is higgler than the reverbera-- 
tlons, you will sing out '^Doppler up*\ If it's 
the same as the reverberatidns, report *'No 
doppler*** If the echo is lower than the re- 
verberations, say ' 'Doppler down.** 

When you beoome a really skilled operator, 
you will be able to give the degree of dop[fler, 
that is, how hi|^ or low it is. Forinstanoe, 
a submarine ooming dlreotly toward your ship 
at 6 knots returns a higher eoho than a sub- 
marine ooming dlreotly toward the ship at 2 
knots. Also, a submarine ooniing dlreotly toward 
the ship at 6 knots returns a hi^er eoho than a 
6-knot submarine that is heading only sUg^itly 
toward the ship. 

The importanoe of prompt and aoourate re- 
ports oannot be overemidiasieed. Two details 
oount: how muoh speed the submarine is making, 
plus how muoh it is hea^Ong toward or away 
from the ship. The ooniblnation of these two 
oonsideratlons is spoken of as the component 
of the submariners speed toward or away ttom 
the ship. If the submarine's speed bomponent 
is more than 6 knots^ report "Dqndier marked, 
up down).M When it is 3 to 6 knotsi in- 
olUsivet report ''Doppler moderate^ 
If less than 3 knots, then oall it ''Dai^m 
Bllglht, up (or dowB^.** (See fig. 4-39.) 
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Figure 4-29.— Doppler conditions. 



You now realise how Important it is to give 
an aoourate report of doppler to the conning 
officer. It tells whether the submarine is coming 
toward or going away from your shipi and 
gives the component of the submarine* s motion. 
Remember that any contact thatdoes have doppler 
must be moving in the water; if it is not a 
surftoe ship, chances are that it is a sub- 
marine or a large fish. Figure 4-30 gives an 
idea of the value (rf doppler. 



HOW TO RECOGNIZE ECHOES 

Sonar Teohnicians learn to recognize one 
eoho from another by Ustenlng to recordings 
of reverberations and echoes and by practicing 
witji the sonar aboard ship. The following topics 
contain remarks Intended to serve as helpfUl 
hints, but they cannot take the place of actual 
praotloe* 

TWO TYPES OF ECHOES 

Echoes are of two types: those with doppler 
and those without doppler. U an eoho hasdoppler, 
you can • assume that it Is a submarine or a 
large fish or mammal-^perhaps a mliale. 
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Figure 4-30.— Value of doppler. 



If the echo has no doppler, it is from the 
beam of a submarine^ from a stopped sub- 
marine, from the submarine's wake, or it is 
not from a submarine* If an eoho without doppler 
is from the beam of a submarine, it will be 
sharp and olear, because the side of a sub- 
marine presents a large reflecting surface. 

Sharp, loud echoes, without doppl^» cure 
received from any large, solid surftoe. The 
larger the area of the target, the greater the 
strength ^the echo* 

A weak, mushy eoho, without dopifler, is 
heard from such objects as riptides, kelp beds, 
schools of small fish, and wakes that are breaking 
up. The weak, mushy sound is caused 1^ the 
numerous small reflectlotis that combine in 
random fashion to form an irregular eoho wave* 

Often, you will receive the worst type of 
echoes ttam the stern of a submarine* The 
target area is small and is broken into multiple 
surfaces by the screws^ the wake, and the like, 
so that thwe is a coinbinatlon of reduced power 
and Interference* Don't didmiss weak^ poois 
sounding echoes as nonsubmarine* E^qpeorlenced 
sonar operators will tell you that alfhou^ an 
echo from dead astern of the target is hardest 
for an operator to identify, it can be done 
with a little perseverance^ 

Thb strength of the eoho depends on the 
power of the incoming wave. This power depends 
on the sound output of the transducer^ the siee. 



positicxi, and movement of the target, and the 
conditions of sound transmission in the sea. 

You probably will hear a lot of different 
sounds while eoho ranging. A stationary object 
near the surface produces good echoes, but 
there will be no doppler* (Once in a while, a 
strong current or tide will cause an echo to 
have a doppler effect, but such an occurrenoe 
is xmusual.) A whale may have echo character- 
istics closely resembling those of a submarine. 
Echoes also may be heard from large fish, 
such as blaokfish. Schools of herring or other 
small fish sometimes run large enough to re-* 
fleet a strong eoho. In shallow water, as along 
the Ccxitinental Shelf on the eastern coast (rf 
the United States, hulls of long-sunken ships 
may return a ^very convincing echo. Because 
Nazi U-boats were so effective in this area 
during World War 11, the shelf is littered with 
dead ships capable of hoaxing the unsuspeoting 
sonar operator into believing his contact is 
actually a submarine. 

Often you will hear strange chuckling and 
whistling soimds in an area abounding in por- 
poises or dolphins* If the water is shallow and 
the bottom is hard, rocky, or covered with 
coral heads, sound waves are reflected strongly. 
Often these refleotions return as loud and clear 
as echoes from a target, but they have no 
doppler. 

From time to time, you may pick up strange 
sounds that are difficult to identify. Submarine 
hydroplanes and rudders frequently give off a 
noticeable whistling sound. Submarine pumps 
and other machinery can be heard rattling or 
thumjpiing if the machines are not silenced. You 
also can hear a torpedo. 

Torpedo noise is distinct from all others. 
When a torpedo is fired from a submarine, the 
first indication might be the sound of escaping 
air, quickly followed by a soimd like a propeller 
noise. The rhythm is too ri^d for the beats 
to be counted (as you can count those of a ship's 
propeller), and it increases swiftly in intensity 
as it approaches, resembling the whine of a 
Jet engine, but not as high-pitched. 

ARTIFICIAL TARGETS 

Submarines are capable of putting artificial 
targets into the water to cdnftise the tracking 
ship. They are of two general types: targets 
that are self-propelled, which can return an 
echo with dopj^er; and targets that are sta- 
tionary, providing excellent sound-reflective 
qualities, but usually without doppler. Practice 
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and experience in reoognitlon are the best in-* 
surance in countering these artificial targets. 

Some of the self-propelled kind receive the 
ping of the echo ranging sonar, amplify it and 
give it a change in doppler, then retransmit it. 
They also may be programed to simulate sub- 
marine movements. Usually the returning signal 
is stronger than the returning echo txom the 
submarine, so it is easy for the inexperienced 
sonar operator to shift from the actual target 
to the artificial one. 

The stationary type also returns a strong 
echo, yiAdoh often is more pronounced than that 
from a submarine. This type of target comes 
in several forms. 

One form of stationary target is a ''pill*' 
of chemicals, which reacts with water to form 
bubbles of carbon dioxide gas*.*^ The action is 
much the same as bicarbonate of soda in water. 
The pill dissolves, creating millions of bubbles 
of the gas, which, because they are grouped 
together, return a strong echo. 

Another target of the bubble type is pro- 
duced when the submarine releases a quantity 
of air. A few moments are required for the air 
to rise to the surface, and while it is doing so, 
it provides excellent sound-reflective charaoter- 
istics. Like the pill, the echo returned is often 
stronger than that obtainable from a submarine. 

Similar to the air bubble rel^'ased by a sub- 
marine is the knuckle, which is a mixture of 
air and water created by a submarine making 
a sharp turn. Althou^^ it is not in general use 
by a submarine conunander during an attack, 
because it slows him down, he may have to 
make a hard, high-speed turn in an attempt 
to avoid a weapon. The knuckle can produce 
a clear, sharp signal upon which an ine3q>eri- 
enoed operator may concentrate while the sub- 
marine escapes. 

Stationary false targets do not affect the 
pitch of the echo. This characteristic means 
that a stationairy target does not give a doiipler 
change exoept under very unusual conditions. 
This unchanged doppler characteristic is an 
important clue in recognition of a false target. 

When tracking a target, for example, an 
abrupt change from doppler up (or down) to no 
doppler may well be an indication that the 
target has ejected a bubble to throw you off 
guard, which may result in your making an 
attack on the false target. You must, therefore, 
be suspicious of ai^ drastic change in doppler* ' 
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Figure 4-31.— Report everything you hear. 



Furthermore, you must be suspicious of echoes 
that change suddenly ftom weak or mushy to 
clear and sharp. Such an echo may be a self- 
propelled target leading you away from your 
quarry. 

Electronic and mechanical Januners are also 
used by submarines. The electronic type usually 
operates on one of several selectable sonar 
frequencies, acting as a screen by overloading 
the ship's sonar receiver. The mechanical type 
of Januner releases a series of explosions that 
Jam the sonar receiver because of their wide 
bandq^nread of noise. The mechanical type is 
especially effective in shallow water because 
of repeated reverberations from the bottom. 

You must remember that doppler can tell 
you considerably more about target motion than 
simply whether it is going toward or away ftom 
you. You must practioe to achieve the near- 
perfect dlsorimination demanded of a good Sonar 
i^Techniolah* To achieve this goal, you must 
listen and concentrate on echoes. 
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REPORT EVERYTHING 
YOU HEAR 



One of the Sonar Teohnloian^s most important 
tasks is to distinguish the target echoes from 
other noises that tend to mask them. Sonar 
operators hear, many kinds of echoes. Rocks, 
shoals, buoys, mines, surface craft, whales, 
schools of fisht wakes of surface craft and 
submarines, as well as the submarines them- 
selves, dan reflect sound. 



Report every sound you hear, regardless 
of whether you can identify the echo. Figure 4-31 
illustrates a few of the many objeots that may 
return an echo or emit a sound. Do not delay 
making your report while you try to determine 
what you have detected. By the time you decide 
it's a submarine, it may be too late. Don't be 
afraid to make a report that may turn out to be 
nonsubmarine. The safety of your ship and the 
lives of your shipmates are worth more than 
the time spent or the ordnance expendBd on a 
false contact* 



CHAPTER 5 

BATHYTHERMOGRAPH 



The travel of sound waves in the sea was 
discussed in the preceding chapter. To interpret 
correctly the information displayed hy sonar 
equipment, Sonar Technicians must have a thor- 
oujsh knowledge of the factors affecting sound 
wave travel in water • Because thermal conditions 
of the sea are of the utmost importance to Sonar 
Technicians, a means must be availaUe for 
measuring water temperatures at various depths. 
The measuring device Oted is the bathythermo- 
graph, called BT. Use of the bathythermograph 
enables the submarine hunter to determine the 
layer depth and to estimate sonar detection 
ranges at various depths. By determining layer 
depth, an estimate can be made of the probable 
depth the submarine csqptain will employ to 
BBOBpe detection. The submarine captain uses 
the BT to determine the best depth to avoid 
detectHon. 

Much of the data used in conjunction with 
BT information for determining jsonar detection 
ranges cannot be included in this text because 
of the classified nature of the subject matter. 
SotxBX range prediction methods are presented 
in other publications, such as Sonar Technician 
O 362, NavPers 10131 and Sonar je^hniyi^^n 
S S'^XNavPers 10132. 

"**B^ore proceeding to our disoussion of the 
BT and its use, a .brief review of the tempera- 
ture effects on sound travel is appropriate. 



TEMPERATURE 

AS esqplained in chq[>ter 4, the conditions 
that affect sound travel in water are pressure, 
salinity, and temperature. Increases in pres- 
sure speed np the velocity of sound, maldng 
the speed of sound hif^er at extreme depths. 
An increase in salinity also increases the velocity 
at sound. The effects of pressure and salinity 
are not nearly as great, however, as are those 
caused t)y changes in temper atureHPCurtlGiularly 
abnq>t changes. Information obtUned about the 



ocean temperature at a given time can be iised 
to predict what will hi^P^n to the transmitted 
sound as it travels through the water. 

As a result of knowing the temperature of 
the water at various depths, we can arrive at 
fairly accurate conclusions regarding the maxi- 
mum range at which asubmarine may be detected, 
as well as the most favorable depth for the 
submarine to avoid detection. These two funda- 
mentals are important considerations in anti- 
submarine warfare. They influence the types of 
screens tised for convoys, and aid in determining 
the spacing of ships in the screen. 

EFFECT OF TEMPERATURE 

The speed of sound through water increases 
at the rate of between 4 and 8 feet per second 
for each 1^ rise in temperature. This 4- to 
8-^ change depends on the temperature range 
of the water^ At water temperatures in the 
30* range, for instance, a 1^ rise increases the 
rate of travel differently than does a 1^ rise in 
the 70^ range. 

Ships and submarines of theU.S. Navy operate 
in all sea temperatures-Htrom near freezing in 
the polar regions to the upper 80s in the tropics. 
To provide accurate range data, sonar ecjuipment 
must be adjusted to the changes in sound velocity. 

Under some conditions, a pulse transmitted 
by sonar equipment may travel easily through 
water that varies greatly in temperature. Under 
different conditions, the pulse transmitted may 
be unable to penetrate a 5^ temperature change 
layer at all, because it is reflected and scattered 
instead* 1 

LAYERS ' 

A pulse of acoustical power may provide 
sonar reception out to several thousand yards 
of range* Tbe same pulse, if transmitted into a 
layer of water (such as a sound channel that 
tends to keep the pulse oonfined within it), may 
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be able to provide sonar data on contacts mai^ 
miles distant, 

Sound has a natural tendency to seek paths 
toward the cooler layers of the sea. Because the 
temperature of the sea normally decreases with 
depth* the path of a transmitted pulse of sound 
usually is in a downward direction. 

If a cross section or a profile of the sea's 
temperatures were taken* a normal condition 
might show a layer of water of uniform tempera-- 
ture (less than 1/2® temperature chai^) from 
the surface to varying depths. This condition is 
called isothermal, Next» there would be a region 
of water in which the temperature decreased 
rq)idly with depth. Such an area is known as a 
thermocline. Finally, for the remainder of the 
measured depth, the temperature would decrease 
only slightly with depth, 

THERMOCLINES 

The thermocline can play havoc with a pulse 
of acoustical energy. As the transmitted sound 
pulse reaches the thermocline, one of two effects 
is Bp^Bxent. 

First, the thermocline can prevent passage of 
the pulse, reflectingitback to the surface. Targets 
beneath the thermocline may possibly be xui"- 
detected. This possibility is one of the reasons 
submarine conmianding o&it&xB seek the cover 
of such thermoolinest thus hoping to evade 
detection by surface ships or aircraft. 

Second, the thermocline can allow passage 
of the sound pulse but alter its direction ccm- 
siderably in so doing. This effect is called 
refraction. If a sound pulse enters a thermo- 
cline at, for instance, a 30® angle from the 
sea's surface, it is possible for the angle to be 
altered to 70® or more while traveling throuj^ 
the thermocline* and change again as it emerges. 
The result of this refraction can be a distorted 
path of sound travel that affects the accuracy 
of target presentation at th^ sonar condole. 



SUBMARINE BATHYTHERMOGRAPH 

More information is required from a sub- 
marine BT than from its shipboard counterpart. 
Because salinity, temperature» and pressure 
affect the ability of a submarine to maintain 
desired qperating depth» knowledge of these 
oonditidns and their effect on buoyancy is necesV 
sary so that the diving officer can maintai^ 
trim of the submarine. The AN/BSH-2D and th^ 
AN/BQH-IA (which is replacing the AN/BSH-2D) 



are the types of BTs that provide the necessary 
data, 

AN/BSH-2D 

The AN/BSH-2D is designed for use in all 
types of submarines. It indicates changes in 
sotmd velocity with depth, and shows direction 
of buoyancy change. It can measure and indicate 
temperatures between 40®F and 90®F, salinity 
content from 20 to 40 parts per thousand parts 
of water, depths between 0 and 800 feet, and 
buoyancy from 0 to 100,000 pounds. Whenever 
a change occurs in salinityt temperature, or 
depth, their new values are indicated within 
a few seconds. 

The AN/&SH-2D consists of five units: two 
saUnity-temperature elements (one On the peri- 
scope shears and one on the hull below the 
waterline), an amplifier computer, a recorder, 
and a switch for selecting a salinity-temperature 
element. 

The selector switch chooses one of the salinity- 
temperature elements and connects it to the 
amplifier computer. Changes in salinity and 
temperature cause the element to change its 
electrical resistance characteristics. The ampli- 
fier computer converts the change in electrical 
resistance into corresponding voltage changes, 
amplifies the signal, computed the sound velocity 
and buoyancy changes, and transmits the informa- 
tion to the recorder unit. This unit then displays 
the data on a card. Accuracy of the AN/BSH'»2D 
is ±8 feet in depth, ± 6 feet per second in sound 
velocity, and 2-1/2 percent of the change in 
buoyancy. 

DEPTH-SOUND SPEED MEASURING 
SET AN/^H-IA 

The AN/BQH-lA is a completely transis- 
torized device used to provide accurate informa- 
tion concerning soimd ranging conditions in the 
surrounding water and buoyancy during diving 
operations* 

The equipment is capable of measuring sound 
velocity in sea water over a range of 4600 to 
5100 fps. Accurate depth measurement is provided 
by a depth element and its associated circuitry. 
Velocity of sound anddepthof the sensing element, 
whicfli measures this velocity» are displayed on a 
two-channel (pen and drum) servomechanism 
recorder (fig. &»1). 

Maintaintag the trim of a moving submarine 
is aided greatly by indicating cm the recorder 
ohart a series of isoballast lines. These lines 
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Figure 5*1 .—Depth-sound speed measuring set AN/BQH-IA, 



are preoaloulated for various classes of sub- 
marines. Charts must be selected with isoballast 
lines printed for that particular class of sub- 
marine* In indicating a trace that crosses the 
isoballast linesi action of the pen and drum gives 
the amount of water to pump or flood l|i order to 
maintain the submariners trim. 

Buoyancy dhangesi indicated by crossings of 
isoballast lineSi miy^^^^ related to submarine 
depth and also to velocity of sound in water. 
Both submarine buoyancy (upon which ttim de- 
pends) and velocity sound in water are definite 
functions of salinity i temperature^ and pressure. 
Inasmuch as a moving subniarine encounters 



changing conditions of salinity, temperaturci and 
pressure, the AN/BQH-IA recording equipment 
must measure these changes in terms of absolute 
values of velocity of sound in water. Sensitivity 
of the velocity-measuring portion of this equip- 
ment is sufficient to indicate changes in sound 
velocity of 1 fps when passing throu^ a thermal 
gradient. Equipmentpressure circuits are capable 
of indicating changes in depth of approximately 
1 foot. This measurement represents the mini- 
mum readable definition of the recorder chart's 
presisure portion. 

Isoballast cul'ves are calculated in such awi^ 
that individual curves pass through all points 
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where a loss in buoyancy with depth exactty 
equals any gain in buoyancy resulting from a 
decrease in water temperature or increase of 
salinity. 

Functional Operation 

To measure sound velocity and to ascertain 
velocity gradients in the surrounding water» two 
transducer assemblies (sound heacte) are pro- 
vided with each depth-sound speed measuring 
equipment. One assembly is mounted on the 
upper (or sail) portion of a ship. The other 
device is mounted at the keel. 

To obtain accurate information concerning 
changing gradients and subsequent effects on 
buoyancy during diving operations, it is advis- 
able to use the lower sound head while diving, 
and the upper sound head while ascending. By 
following this pattern, radiated heat from the 
skin of the ship will wash away from the sound 
head. Radiated heat, consequently, will not inter- 
fere with measurements (rf gradients and indi- 
cations of corresponding buoyancy changes. 

Sound velocity in water is measured in the 
following manner: The AN/BQH-lA transmits 
into the water a pulse of acoustic energy. This 
pulse travels, from a transmitting transducer 
through the water and is received by a second 
receiving transducer. The time required for a 
pulse to travel from teansmitter to receiver is 
measured by means of electronic timing circuits. 
Thus, a direct measurement of sound velocity 
is made. This method of 'direct measurement 
eliminates the need for correlating various factors 
of the ocean: salt content, density, and tempera- 
ture, plus pressure oorrespontiUng to depth at 
which velocity is measured. 

Description of Controls 

Operating controls of the AN/BQH-lA depth- 
sound speed measuring set are described for 
the recorder and repeater. Refer to figure 5-1. 

• Recorder; Following are the major qperating 
control s^tc^s on the recorder. 

1. Power on/off recorder illumination control: 
This control q^pUes 400-cycle primary power to 
the recorder. It varies the brightness of the 
internal chart illumination. , 

2« Sound head seleptr A tworposition switch 
that permits an ^operator to select either the 
upper or lower sound head for displaying sound 
velocity on the recorder drum. 



3. Depth scale select: A two-position switch 
that permits an operator to select either of two 
overlapping depth scales. One depth scale is 0 
to 800 feet; the other, 700 to 1500 feet. 

4. Press^-set 4800 ^s: A spring-loaded 
switch, that, when depressed, applies a cali- 
brating signal internally generated in the partic- 
ular sound head in use. The switch acts as a 
system check of performance and accuracy of 
sound velocity indicati<m. It also assists in 
proper positioning of new recorder charts. 

• Repeater: The repeater unit is identical to 
the recorder unit, but the repeater has no 
operational controls. The only control on the 
repeater is the power on/off illumination switch. 
The repeater cannot be operated unless the 
recorder is also operating. 

Operating Procedures 

Because the AN/&QH-1A and its associated 
sound heads and depth circuitry are completely 
transistorized, no warmup time is required for 
proper operation. Following is the normal oper- 
ating procedure recommended for the set. 

1. After lighting off the equipment and select- 
ing the desired sound head, the recorder illumina- 
tion control is adjusted to provide sufficient 
light to clearty view the chart. (NOTE: When 
surfaced, the upper sound head is not immersed. 
Care must be taken to avoid energizing this 
head imtil the submarine completety submerges.) 

2. The depth scale select switch Is set to 
the desired depth setting (0-800 feet or 700-1500 
feet). The equipment is now rea^ for normal 
operation. 

3. The press-to-set 4800 fps switch is de- 
pressed and held until , the velocity indicating 
drum reaches a steady position. Indicated veloc- 
ity position should be 4800 fps. (NOTE: For 
each sound head the absolute value of the 4800- 
foot calibrate velocity varies slightly. Test data 
sheets supplied for the sound head in use should 
be consulted for exact calibrated readings.) 

4. In the preceding step, when the drum 
steadies, the press-to-set switch is releaaed. 
The dnun should rotate and indicate the sound 
velocity in the water at the sound head in use. 

5. When both sound heads are immersed, 
the sound head select switch may be rotated 
to select first one, then the other, sound head. 
Each time the select switch is changed, the 
drum should rotate to a position that dhows 
the velocity of sound at the sound head selected. 
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When shifting fr<»n one head to the otfaer^ the 
recorder also indicates the difference in depth 
between the two sound heads. 

6, The press-to«*set 4800 fps switch is de- 
pressed. When the drum rotates to a velocity 
reading of 4800 ^s, t^^ switch is released. 
The drum then will vatfM and begin to give 
a continuous record (.if v^Jl^city and dep^h^jior 
the sound head in use. 



Checks and Adjustments 

Minin:ui)i% front psrisl controls and adjusting 
knobs are >:^0!Utained the AN/BQH-lA. Peri- 
odicalfy» tho operate; should depress the press- 
to-Bet SWitcbi and verify that the initial calibration 
accura cy dt \he equipment maintained through- 
out an opeir4i.ing period. 

Emergency Use 

Because the velocity display and depth displi^ 
on the AN/BQH'«1A are indepei^nt of each 
other» t^s» recorder is capable of emergency 
operation on either independent cbanneL. 1a failure 
of the depth circuitry occurs^ an ap^sTsAor may 
continue to supply useful velocity informa^on 
by manually po9ino«n ing the depth pen to a readable 
porUon of tbu chart. In the event cf f &ilui*G in 
the ^Qm% ^ads or ('xumcirouiix^^ depth infonra- 
tion may still be i^appX^^d independent]^. 
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Table 5-1.— BT Series Designations 



Series No. 


Name 


Design depth 


OC-l/S ) 
OC-IA/S ( 
OC-IB/S ( 

oc-ic/s ; 


Shallow 


0 to 200 feet 


0C-2/S ) 
0C-2A/S ( 
0C-2B/S ( 
0C-2C/S ) 


Medium 


0 to 450 feet 


0C-3/S ) 
0C-3A/S ( 
0C-3B/S ( 

ac-3C/s ; 


Deep 


0 to 900 feet 



SHIPBOARD BATHYTHERMOGRAPHS 

A surface ship is much less concerned with 
buoyancy and salinity data than is the submarine^ 
consequently the shipboard BT is required to 
make only temperature versus depth measure- 
ments. Three types of mechanical BT are in 
general use aboard ships. One type is used 
for measuring shallow depths (200 £eet)» another 
for medixmi depths (450 feet)» and the third for 
deep water (900 feet). The BT carries a coated 
glass slide on which is scribed temperature 
changes as the BT dives to its iterating d^th. 
Upon retrievali the temperatures are read by 
placing the slide in a gridded viewer. Essentially^ 
each BT is constructed the samci and eaui^t one 
operate:s in the same manner. DiSew^CKim will 
be noted whexe applicable. Tahle 5^1 lists the 
various Bts ii use mC gives their designed 
operating C^yxii. a new type^ the 63q>endable BT» 
Is discussed later in the chapter. 

DESCRIPTION OF UNITiS 

Ail three BT types use the <fmie size slide 
for recording temperature and depth. To elabo-* 
ratCi the slide uAHil in the iloep model shows 
4r'l/?. Umi^B more data than the one used In the 
e: f^ll w model. The information taken by the d^p 
Bl is compressedi in comparison to the shallow 
recording. Because of this compressiont it shows 
loss detail and thereby makes it more difficult 
to read accurately. Lowering a deep-type BT in 
shallow wat Br to obtain a zecordmg is impractical 
because insufficient dettiU is gleaned from the 
slide to make accurate readings possible. 
- The deep BT differs slig^!^ from the other 
two in that it does not have a stylus lifter. The 
stylus litter on the shallower BTs lii*^ the 
stylus from the slide as the BT comes to vdthin 
70 to 50 feet of the surface while being retrieved. 
This action prove &te double traceis that would 
coniplicate the reading of iSiurface temperature. 
Another difference that the spring on the 
depth element is outcvirjo the bellows. Because 
the deep pressure element smaller (to 
withstand the press^^re of deep water)» the ej^iing 
cannot fit inside tsie bellowis as it does in the 
depth elemento of shallowet BTs. Some old 
models of the deep HT may further be kdentlfied 
\3iy a diving lug mounted Just forward of the fin 
guards. The diving lug allows for very deep- 
angled dives to enable the BT to reach ite 
designed depth in a minimum amount of time. 
Figure 5-2 shows a tyoical mechanical bathy- 
tlierm'^graph. 
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Figure 5-2.- 



^ — ' 71.72 
• The bathythermograph. 



Except for the differences Just noted, all 
three of the BTs are constructed the same. 
They consist of a thermal element, a depth 
element, a body tube, a nosepiece, and a tail 
guard. An auxiliary nose sleeve is available 
to aid the BT in diving. These units are shown 
in figure 5-3. 

Thermal Assembly 

The thermal assembly is the temperature- 
measuring element. The temperature reading 
represents the average temperature of the capil- 
lary tube assembly, which is located in the tail. 



The tube assembly is wound in staggered f ashicxi 
on a six-sided frame that extends beyond the 
body of the BT. This staggered winding ensures 
a flow of water around the capillary tubing. 
Breathet* holes in the body tube allow water to 
run freely in or out, therein keeping the internal 
pressure equalized with the outside pressure. 
The Bourdon tube element has a bimetallic 
strip, and any difference in temperature between 
the water within the BT surrounding the Bourdon 
tube and the water flowing past the capillary 
tubing is offset by the action of the bimetallic 
compensator. 
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Figure 5-3.— the BT and its parts. 
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Depth Element 

The depth element, located in the body tube, 
consists at a piston device with an accurately 
wound steel spring. An envelope, made up of 
three metallic bellows soldered together, sur<- 
roxmds the spring and keeps the water pressure 
off the spring and oil the spring side of the 
pistonhead. In one t)pe of BT, one end of the 
bellows sBsembly is soldered to the solid nose*- 
piece, but in another type this end is soldered 
to the mountli^ base. In both types, the movable 
e^ is soldered to the spring side of the piston- 
he ad. Increasing water pressure tends to collapse 
the bellows and compress the spring, causing 
the slide holder attached to the pistonhead to 
move forward, that is, toward the nose. 

Body Tube 

The body tube serves as the . main support 
and protection case for the depth element and 
thermal assembly. The movable brass sleeve 
covers the slide ports next to the slide holder. 
The sleeve may be moved forward easily v^n 
it is necessary to get at the slide and slide 
holder. When the BT is to be lowered, push 
back the sleeve lintil it touches the forward 
end of the tail fins, therein enabling the auto- 
matic stylus lifter to be activated. This action 
covers the slide ports and also releases the 
styliis lifter so that the stylus can vtrrite on the 
coated g^ass slide inserted in the slide holder, 

Noseidece 

A lajrge ^rcentage of the anproxiinately 
25-pouiid weight of the BT is bbnbentrated in 
the nosepiece. This weight , makes the nose 
sink first during a BT lowering, if the towing 
cable isi payed out freely. The nosepiece has 
an attached towing fin, owivel, and slibnolde 
where the ^towing cable may be attached easily. 

Auxiliary Nose Sleeve 

bii vessels moving a^^ high speeds^ earlier 
models of the hydro bamytheraio^ 
to ' dive to the depttis; from which Information 
was diesii^d,^^!^ fy^s of div^ 
liikye^^^ added to byi^^ thi8:^;dlffl<»^^ 
; 'pM a hesnry borbnm 

sUpped bver^^^ t^^ 

f sebured by tightening tw scrbws. This 

sleeWadds to the weight of : tto^^ and increases 
divli^ speed. The ship clan inbvei at hig^ 
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Table 5-2.— Maximum Towing Speeds 







Maximum speed 


BT type 


Depth 
(feet) 


Without 
nose — 
sleeve 


With 
nose 
sleeve 


OC-IB/S, OC-IC/S 


200 


15 


22 


OC-2B/S, 0C-2C/S 


450 


10 


13 


OC-3B/S, 0C-3C/S 


900 


3 


6 



and the BT still can reach full depth. Table 5-2, 
based on paying out 1000 feet of cable, shows 
the maximum ship speeds that can be used with 
and without the nose sleeye. Note, for instance, 
that to get the BT down to 900 feet without the 
nose sleeve, own ship's maximum speed would 
have to be 3 knots. With the nose s]eeve» the 
speed could be as great as 6 knots. 

The other device is a towing block attached 
well aft on the BT and used while lowering the 
instrument. This attachment causes the BT to 
dive at a steep angle because the towing point 
is well aft. 

Tall Guard 

The tailpiece assembly consists of the fin 
pieces strengthened with two tie strips. This 
assemldy protects the ciqpiUary tubing and stabi- 
lizes the BT during the lowering, towing, and 
raisii^ of the instrument. 

THEORY OF OPERATION 

The BT can be operated while the ship is 
underway at speeds up to 18 knots. It works 
most satisfactorily, however, at speeds of 12 
knots or less. 

The temperature element, corresponding to 
the mercury bblunm in a gilass thermometer, 
CQtisiste of about 45 to 50 feet of fine copper 
tubing filled with xylene. The tubing is wound 
around' insidd the tail fins of the BT and comes 
into direct contabt with the sea water. One end 
of the toUng is fixed; the other end is attached 
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Figure 5-4. *^BT temperature and pressure elements. 



to a Bourdon tube. As the xylaue esqpands or 
oontrabts with the changing water temperaturoi 
the tubing e^qpands or contracts « dausii^ the 
Bourdon to move. A stylus i9 attached to the 
free end of the tube. The stylus- records the 
moven^ents of the, B^ Expands or 

bontracte witti: oha^^ oh a 

gold*col6red, met»^ f^LBBB slide. The 

temperature range is fxtim 28* to 90% The 
slide is .held rigidly on ttie end of a coil spring, 
enclosed in the copper beUows. 
yibldi increases in proportion to water depth, 
com]E>ro88e^ sinks. ' 

' Fig^ the' BT temped 

and preiaiisnire elenients^ 

in the lower portion of the iUustratibh show the 
action of r the stylus moying -left; on the: slidCi 
with a, decrease in teinpera^e» and the bellows 
being cominresTOd ^to t the/ r^t (note Wjrcny) as 
depth lnpraase$4 /Inoreasie to depth; .p 
sUde; towjurd the n^ angles 
to ttie : dir(^ti6n in:;ii^^ >tbe, stylus, n^ to 
record, temperature. : the BT is^f^alsed 



toward the surf acei the spring esqpands the 
bellows to its original shape. Thus, the trace 
scratched on the plated surface of the sli^e is 
a combined record of temperature and pressure. 
Pressure is dir^tly proportional to depth. 

Each instrument must be calibrated carefully 
the manufacturer because external pressure 
slightly affiecte the internal pressure of the 
itylene in the Bourdon, and because temperature 
changes also influence the movement of the 
bellows. 

A special grid is supplied with each instru- 
ment :for converting the stylus trace to tempera- 
ture readings. These grids are not 
interchangeable* For correct reacUngs the grid 
is constructed lines may 
not aiw^^ and vertical/ but 
vary, siig^tty, with ^xsreas^^^^d^^ The depth 
line8|^,.V& are not exactty arcs of circles, 
with rcdlus eqi^ ;df the stylus, 
ibisteaidi [ ttu^y are calibratcid to allow for thermal 
esqpansibn of t^ 
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At a temperature of 105^, the recording 
stylus moves against a stop pin. If this tempera- 
ture is exceeded, the calibration of the instrument 
becomes ruined, perhaps permanently. For this 
reason, the BT must always be kept out of the 
sun and away from the vicinity of firerooms, 
steampipes, and other sources of heat. An in- 
strument that has been overheated may have 
the stylus arm Jammed the pen lifter bar in 
the high-temperature position, U another BT is 
aboard, use it, and turn in the damaged instru- 
ment for adjustment. If a spare is unavailable, 
gently lift the stylus arm from the pen lifter 
bar and let the arm swing back toward the low- 
temperature side. 

The temperature calibration henceforth will 
be in error as a result of deformation of the 
Bourdon, This information must be recorded on 
the bathythermograph logsheet. The BT logsheets 



are special sheets, issued by the NatimalOceano- 
graphic Data Center, for recording the informa- 
tion obtained by lowering the BT, These logsheets 
are discussed later in this chcqpter. 

When a BT has been damaged, turn in the 
instrument to the nearest repair facility at the 
first opportunity. The BT repair facilities are 
located at the San Francisco, Pearl Harbor, and 
Boston Naval Shipyards, 

BT TOWING EQUIPMENT 

Towing equipment required to (^sx^ate the 
bathythermograph is described in the following 
ilist. 

1, Hoist; The hoist has a drumwithacapacity 
of 3000 feet of cable, an electric motor with con- 
trols and reduction gears, a control lever for 
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Figure 5-5.— BT towing equipment. 
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'pperatiiig fhe brake and clutch, and a drum 
revoluti(m counter. 

2. Boom: The boom should extend at least 
8 feet and no more than 10 feet from the side 
of the ship, and it should be strong enough to 
withstand a force of 1500 pounds. A typical 
hoist and a boom are shown in figure 5-5. In 
the illustration the BT is suspended from the 
towing block and is ready for lowering. 

3. Towing block: A small counterbalanced 
wheel that attaches to the end of the boom to 
allow cable to pay out with minimum friotion. 

4. Wire rope; The wire rope is of 3/32*inch 
diameter, 7x7 stainless steel aircraft control 
type, and is 3000 feet in length. 

BT ACCESSORIES 

Each BT comes supplied with the following 
accessories: (1) a grid and slide holder, for 
viewing the slides, (2) a box of slides, (3) a 
swivel for attaching the BT to the cable, (4) a 
pair of tongs for holding the slide to rinse it, 
and (5) a thermometer for taking bucket tempera- 
tures. These accessory items are described as 
this text progresses. 

OPERATION OF THE BT 

Personnel Gq;)erating the BT at nlg^t and 
during rough sea ccmditions should wear life- 
jackets and use safety lines. For each lowering 
<tf the BT the succeeding steps must be followed. 

\ Step 1— Oeterniine Water Depth 

Determine water depth in order to select the 
proper BT. 

Step 2 -r Examine Wire and Connection to BT 

Whenever possible, determine that the wire is 
hitched to the ydhbh reel in such a manner that 
it caxmot piiU ibose If 1^ should pay off the 
drum. As an additioiud ptep^^^ 
out the/last layer o^^^ 

BT. The.wire sp'' 
that it jps^ ^ in at ihb top of t^^ 

drum. iFQr> survey^ it i^: rec^^ 
that bai^ '^re^ 

If 900-f6otrd^{^ least 
2000 feet of 3/32*inoh, "7 x 7 stainless steel 
wire should be used. The plasticrcoated wire 
usually comeis in 1200-foot lengths and cannot 
be spliced, hence it is not long ehou^ for use 
with 900-foot BTs. Run the free end of the wire 
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Figure 5-6.— BT cable hitch. 



through the towing block at the end of the boom. 
This block is of a special counterbalanced design 
for BT use. 

The type of cable hitch used to connect the 
BT to the wire differs slightly with various 
models. The instruction book accompanying each 
BT shows the method of attachment for that 
model. One suoh cable hitch is shown in figure i 
5-6. If the connection is frayed, rusted, kinked, 
or doubtful in any way, cut off the faulty part 
of the wire and make a new connection. Be 
sure to seiw the hitoh to prevent its coming 
free. Check the swivel carefully. On those models 
that use a Fiege-*type swivel connector, make 
sure the Fiege sleeve is screwed into the socket 
as tightly as possible. More BTs are lost be-* 
cause of poor connections than from any other 
cause. 

Step 3— Check Winch 

The hand lever on the winch serves as both 
brake and clutch. It. has three positions. When | 
it is vertical, the winch is in neutral and the 
drum can be tiirned' in either direction. When 
it is pushed outboai^d to tbid engaged (or hoist)^ 
positiont the motoi^ tarns Qie drumi and spooli^ 
on the wire. When the lever is pulled inboard 
(or toward the (^orator) to the brake position, 
the drum is looked and cannot be rotated. 

: ^With the wii^ turn on the 

motor to make sure power is available. The 
shaft bearings should be kept well lubricated 
according to the instructions provided with each 
mibdel Winch. drum should turn freely. 

The winch installatibn sluxdd be such that 
;tlie wiM pieisses ao^^ the tpp of the drum. 
The hand lever should move away from the 
operator to engage the motor, and toward the 
operator to set the brake. On some earlier 
model winches, the hand lever operation is 
just the reverse; Uiat is, the brake is aws^p 
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and the clutch is toward the operator. Check 
these operating poeitions to make sure that 
the installation is correct and that the drum 
revolves freely in neutral. 

Step 4— Put Slide in BT 

Remove the waterproof .cover from the box 
of glass glides and take out one slide at a time, 
holding the slide 1^ the edges to avoid damaging 
the metallic film. Do not remove the waterproof 
cover from the box unt^l actually ready to use 
the slides. 

Insert the slide into the hole on the side of 
the BT as shown in figure 5-7 and push it into 
its bracket. The edge of the slide with the 
beveled comers goes in first, the longer bevel 
toward the nose of the BT. Make certain that 
the plated surface of the slide is toward the 
stylus. Push the slide in all the way against 
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Figure S-7.— Inserting the slide. 



the stop pin. The slide must be fully in, other- 
wise the temperature recorded Mdll be fictitiously 
low. Check the grooves of the slide holder to 
ensure that they are clean, free of glass chips, 
and that the spring holds the slide firmly against 
the opposite groove. With the slide fully in, the 
stylus is brought against the plated surface when 
the sleeve is moved back to cover the opening. 
To reduce extraneous scratches on the slide, 
do not move the sleeve back imtil the BT is 
ready to be put over the side. 

Step 5— Put BT Over the Side 

After obtaining permission from the OOD to 
make a lowering, pick up the BT and pull the 
sleeve down over the slide port. On the shallow 
and medium depth models, ptUl the sleeve down 
toward the tail as far as possible so as to engage , 
the catch of the stylus lifter, then push the sleeve 
up toward the nose about 1 inch. This action 
leaves the port open enough for the catch to 
release when the BT is retrieved. On the 900- 
foot model, the sleeve should remain all the way 
back toward the tail. Set the vdnch lever in 
neutral. With one hand, hold the BT at the rail; 
with the other, take up the slack in the wire by 
rotaUng the drum. Set the brake when all slack 
is in. 

Wl^n ready to commence lowering, set the 
winch lever to neutral and lower the BT into 
water to such a depth that it tawe smoothly Just 
below the surface. Put on the brake and hold the 
BT there for 1 minute to enable the thermal 
element to come to the temi>erature of the 
surface water. Set the winch counter at zero. 

Step 6— Take Bucket Temperature 

While the BT is being towed at the surface, 
take the bucket temperature of the surface 
water and record it on the bathythermograph 
log sheet. Special bucket tfaerxnometers are 
supplied for U^ S. Navy surveys by the Oceano- 
graphic Office. These special bucket thermo- 
meters arc more accurate than thermometers 
issued with the BT kits, and are to be used in 
lieu of^the ones in the kits. The thermometers 
are read to the nearest 0.1fF. 

A bucket can be made from a half-gallon can 
(obtained from the galley) and attachfaig a line 
to it. Attach the Utter end of the line to the 
lifeline or rail. Throw the can over the side 
and let it fill and empty several times before 
liauling a surface sample aboard. As soon as 
it is aboard, set it on deck and insert the 
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thermometer Into the bucket so that at least 
3 inches cf the bulb end is immersed in sea 
water. Stir the thermometer with a circular 
motion for 20 to 30 seconds and then read it 
with the stem still * immersed in the water. 
Stir it once or twice more and check the reading. 

The bucktft^sample must be taken while the 
BT is being towed. Make the temperature read- 
ing as soon as possible after the sample is on 
deck. If the sample is idlowed to stand for more 
ttian 45 seconds, Uie temperature reading no 
longer is valid. It also is of importance to stir 
the thermometer to bring it to temperature 
more rq[>idly and accurately. 



Step 8— Stop at Proper Depth 

To reach a given depth, the amount of cable 
to be payed out depends on the speed of the ship, 
the type of BT, and whether the nose sleeve is 
attached. Table 5-2 provides a roug^ estimate 
of speeds at which full depth may be e^cted 
to be reached when using 1000 feet of wire. 

The observer should take data on the length 
of wire payed out and the actual depths recorded 
by the BT. He then should plot a graph shoiidng 
counter reading against depth for various ship 



Step 7— Lower the BT 

Move the winch lever to the neutral position 

and allow the wire to pay out freely. Success in ... „^«^ ^« « _ , * u 

reaching the maximum Idesired d^pth d^SSb. ^ ^'1?^^?^/''^^^^ 

• — on two factors: (1) having thT^ \J?- " " from the towing block to 



When the counter indicates that the proper 
length of wire is pi^d out, or when the last 
layer cf wire on the drum is reached, the brake 
should be applied smoothly, allowing the drum 
to stop without a sudden Jerk. An excessive 
Jerk will part the wire. Now the BT will swim 
back up to near the surface far astern. Check 



chiefly on two factors: (1) having the winch 
drum and towing block bearings well lubricated 
to minimize friction; and (2) getting the BT 
down below the ship's screw wash as soon as 
possible. With practice, it is possible to raise 
the BT slightly, after the surface towing is 
completed, skip it off the crest of a wave so 
that it swings forward, and then lower it rapidl^. 
This method enatdes the BT to plui^ee into the 
water, and its monientum will carry it more 
rapidly past the turbulence of the wash, enabling 
it to reach a greater depth. This technique Is 
especially useful with the 900«fo6t instrument. 
It takes practice, but,tothee3qperiencedoperator, 
this meithod is easy to use and is more emotive 
ttian ttie diving lug assembly attached to some 
cf the old models. _ 

When the ship is making more than 12 knots, 
there usually is enoufl^ drag on the wire vAdle 
the BT is diving to ensure that it will not slacken 
and backlash. At lower speeds, and during heavy 
rolling, the wire may slack between the winch 
and the towing block. Slack in the wire nii^ 
cause backlash on the winch drum or a kink at 
the towing Uodc. The operator should provide 
hiniself y^Atti a round stick about 15 inches long 
for the purpose of gently slowing the drum yfibon 
excessive slack appears. Do not qn>ly too much 
pressure to the druni with the stick, because 
onoevttie diving motion of the BT is arrested, it 
will not dive farther; regardless of the amount 
cf wire^ payed out. Do not touch ; the wire with 
your hands vdien the drum is in motion; you 
may bis injured seriously. 



center of the drum, adjust the boom guys 
until it does. 

Step 9— Haul in the BT 

Move the hand lever smartly from the brake 
position to the hoist po8iti(m. Do not pause while 
going through neutral, otherwise more wire will 
pay out. Guide the wire back and forth in even 
layers on the drum, using the stick. The end of 
an old swab handle will do. Do not use a metal 
guide. If kelp or seaweed fouls the wire, ease 
on the brake and clear the wire with a boathook. 
Haul in at ftiU speed until the BT is close astern 
but still a safe distance from the ship's screws. 

Step 10— Bring BT Aboard 

When only about 100 feejt of wire is out, the 
BT should be readily visible at^the surface. 
AS the wire is hauled in, the BT will reach a 
position nearly undter the boom where it will 
begin to porpcdse, tarealdng clear of the surface 
and swinging forward as the ship rolls or as 
wave crests pass. This action is the most 
critical point in the q[>eration. To bring the 
BT alongside and/ raise it without too much 
swing requires practice. If the BT is brought 
in too fast, it may skip or swing forward of 
the boom, perhaps hitting the side of the ship 
or swinging completely over the boom. If the 
BT skips or svidngs forward of the boom, it 
is advisable to shift at once to neutral and 
allow the BT to sink freely untU it 
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clear astern and it Is safe to try again^The 
operator must learn the feel of his own winch. 

With a Uttle prlotice the BT can te brought 
safely to within 2 or 3 feet of the towing block. 
The winoh motor should be turned off at this 
point, eliminating the possibility of accidentally 
Jamniing the BT against the towing block. Some 
winches have . a handcrank, permitting manual 
rotation of the drum at this point. The BT can 
then be brought aboard in various ways, de- 
pending on how the boom is rigged. 

With the standard gate boomt the use of a 
retrieving line and ring is reconomended. This 
line consists of a metal ring from 1 to 1-1/2 
inches in diameter through wbidx the wire is 
passed between the towing block and the BT. 
To the ring is attached a retrieving line, which 
is secured to the lifeline or rail. With the 
proper amount of slack, the ring rides freely 
when the BT is being lowered and hoisted. By 
hauling in on the retrieving line while easing 
the brake» the BT can easity be brought to hand. 

If a retrieving line is not used, it will be 
necessary to rig in the boom 1^ casting off the 
after guy and swinging the boom in with the 
forward guy. Two men can pull it in with a 
boathook— one man on the ho6k and the other 
to slaok the wire with the winch. If the boom 
tops 19, the BT can be brought aboard 1^ one 
man hauling in on the topping lift. 

Step 11— Remove Slide and Secure Equipment 

As soon as the BT is in hand, move the sleeve 
forward toward the nose to lift the stylus off 
the slide. This action prevents the u^iper portion 
of the trace from being atteoted ^ air tempera- 
ture and becoming obscured as the instrument 
is handled. ^ 

Slack off the wire, place the BT in its deck 
rack, and set the brake. Notlty the toidge that 
the BT is on deck. Partial^ eject the slide 1^ 
pushing against its eidge with the f orefihger, 
the wire slide reniover, or a pencil tfarouf^ the 
8lide-e)eotliig port. Grip the slide barefiilly 1^ 
the thumb iuid^f^ slide only 

the edges, being careful not ^ to obscure the 
trace with smudges or flngerpriiats. 

If another lowering is to be made soon and 
there is no danger of overheating the BT, it 
may be left in the deck rack connected to the 
wire. Otherwise, unshackle it and stow in a 
cool place. ; 



CAUTION: Never let the temperature of the 
BT exceed 105"^ (40.6\;). If this 
temperature is exceeded, the cali- 
bration of the instrument will toe 
damaged. Never leave the BT on 
deck without protecting it from hot 
sun. Suitable protection to the 
thermal element can be effected 
hy keeping it covered with wet 
cloths. 

Step 12— Check Slide 

As soon as the slide is removed from the 
BT, examine it to be sure that a suitable trace 
was obtained. If the trace is smudged or oblit- 
erated in any way, lower the BT again with a 
fresh slide. 

Once a suitable slide is obtained, rinse it off 
in fresh water, and label it according to the 
directions ^ven later in this text under the topic 
heading ''Marking BT Slide.'' 

PRECAUTIONS TO BE OBSERVED 

To obtain the greatest accuracy and prolong 
the useful life of the BT, certain precautions 
must be observed. They are discussed in the 
ensuing topics. 

Disassembling BT 

Do not disassemble the BT. It is a precision 
instrument, with delicate internal mechanisms. 
Even with the greatest care possible, it is 
di^cult to avoid damage if disassembling is 
attempted aboard ship. 

If, for any reason, the BT falls to operate 
satisfactorily, it should be turned in for repair, 
with a report indicating the symptoms to aid 
the repair facility in correcting the trouble. 
.Standard failure reports also should be sub* 
'mitted in accordance with current directives. 

Maintenance of BT 

The BT is an accurate measuring instrument 
and, althouf^ the construction is reasonably 
rugged, the internal mechanisms are delicate. 
Car^ul handling is essential to maintain the 
accuracy of the measuring elemente. 

After each period of use, the BT should be 
rinsed with fresh water. Never store a BT 
aiat is being withdrawn from use without first 
rinsing it thorou^^dy. 
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The interior of the BT should be rinsed 
weekly with half a cupful of corrosion pre- 
ventive compound (specification MIL-C-16173, 
grade 3 (stock number 8030-244-1296 for 1 
gallon can)); Place the BT in a clean bucket 
with the tail fins down. Slide the sleeve forward 
toward the nose, pour in the compoundi and 
close the sleeve • Cover the four openings in 
the body tube, shake the BT, and turn it over 
on its nose and back several times so that 
every part is rinsed thoroughly. Then let the 
conq)ound drain out. The compound can be re- 
used several times. Do not oil the BT; fresh 
wator or rust-preventive compound is the only 
lubrication necessary. 

Inspecting New Slides 

Do not remove the water and airtight cover 
from around the box of slides until ready to 
use the slides from that box. Samples of slides 
in a new box should be inspected before using. 
If the coated surface of a new slide is in bad 
condition, or if the surface shows spots after 
lowering the BT, all the slides in the box 
should be tested holding each slide under 
a moderate stream of water. Do not use slides 
on which spotting or flaking of the coated sur- 
face sgppears. If more than 25 percent of the 
slides are unusable as a result of spotting or 
flaking, report the failure in accordance with 
ciurrent Naval Ship Systems Command instruc- 
tions, 

CHECKING CALIBRATION 

E3qpected accuracy of the BT is 0,1*^ for 
tenq)erature and 10 feet or less for depth. 
If, for any reason, the instrument is suspected 
to be in error, tiie following emergency pro- 
cedures can be used aboard ship to check its 
accuracy. 

Temperature 

To check the calibration of the thermal 
imit, insert a new slide in the BT and leave 
the sleeve up so that the stylus does not touch 
the slide. Immerse the BT, tail first, in a 
bucket containing water of about 40^, and deep 
enough to cover the sleeve, Injsert a bucket 
thermometer into the water and stir for 30 
seconds. Push down the sleeve, engaging the 
stylus, and take! the bucket temperature reading. 
Raise the sleeve and trip the stylus, leaving 
the BT in the water. Add hot water to brhig 
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the bucket temperature up to about 60^ and 
repeat the measuring process, and again at a 
water temperature of 80*F, Next, subtract alge- 
braically each bucket thermometer temperature 
reading from its corresponding BT temperature 
reading. Add all the differences and determine 
the average temperature difference. On future 
lowerings, iqpply the average difference to each 
temperature reading. 

Depth 

Immerse the BT thermal element, with the 
sleeve down, in a bucket of water of ab^ut 40^, 
then in a bucket containing water of about 85^« 
This temperature difference will cause a zero 
depth line to be drawn on the slide. Place the 
slide in a viewer and read the difference between 
the trace depth line and the zero depth line of 
the grid. For future slide readings, dpply the 
depth error to each temperature change point 
to obtain correct depth at that point, 

REPLACEMENT 

Turn in the BT for recalibration or repair 
if any of the following conditions exist: BT 
temperature consistently differs 4^ or more 
from bucket thermometer temperature; depth 
error of more than 10 feet for the 200-foot model, 
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Figure 5-8*— BT grid. 
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Figure 5-9,— Grid mount 



20 feet for the 450-foot model, and 40 feet for 
the 900-foot model; the BT slide shows double 
traces over the entire trace length; more than 
18 months have elapsed since last calibration. 



BT SLIDES 

To make proper use of information on the 
slide obtained 1^ lowering the BT« an under- 
standing of how to interpret the trace and its 
meaning is of as much importance as the lower- 
ing and raising process. To read the trace 
properly, two pieces of equipment aire necessary. 
They are the BT grid and the slide viewer. 

GRID AND VIEWER 

Notice in figure 5-8 that the grid has a block 
in the lower rig^ comer containing certain 
information. Included are Ihe BT serial number, 
the type (OC-2/S, meaning that it is the medium, 
or 0- to 450-foot depth model), ^and the date of 
manufacture. 

The grid is mounted in a grid mount assembly 
that attaches to a slide viewer. Both of these 
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assembly and slide viewer. 



items, needed for reading BT slides, appear in 
figure 5-9. The grid mount assembly in the 
illustration is a bottom view and shows the grid 
as it is mounted in the assembly. Patting it in as 
shown (backwards) allows it to be read correctly 
when viewed through the slide viewer. The BT 
slide fits behind it with the etched side toward 
the grid, and is held in place by a spring clamp. 

Loading Slide into Grid 
Meant Assembly 

To load the BT slide into the grid mount 
assembly, set the slide loosely in the holder. 
It should be positioned with the coated surface 
down and the beiyeled comers on the right side. 
Just clearing the stop pin. Hold the assembfy 
as shown, in figure 5-10. With a thumb moticm 
like that used in rolling a cigarette, push the 
slide against, the spring until the slide drops 
flat against the grid. Then push the slide to 
the right fiiinly against the stop pin. The coated 
surface should lie smooth^ aigainst the grid. 

The prescribed method prevents the grid 
from scratching or rubbing against the coated 
surface. When the holder and slide are placed ' 



INTRODUCTION TO SONAR 




in the viewer, make sure that the slide is kept 
tigjbt against both the stop pin and the groove 
opposite the spring* Otberwiset temperature and 
depth readings will be incorreot. 

If the grid beoomes loose in the holder, 
apply oement to the f aoe of the grid, Cheok to 
see that the narrow edge of the grid is tig^t 
against the stop pin, and that the long edge 
(the zero pressure edge) is tig^ against the 
edge of the holder opposite the spring. The 
spring is narrow and is placed in suoh a posi- 
Uon that the grid fits behind it. As a result, the 
spring bears on the slide and holds it snugly 
without pressing on the grid, 

Reading Aoouraoy 

The trace scratched 1^ the stylus is a tem- 
perature-depth curve, Each pokit on the trace 
represents the temperature at a given depth. 
Temperature and depth values are reiul from the 
curve on the slide, Ttoiperatures are read 
horizontally and should be read as blose as 
possible to the nearest tenth (0,1) of a degree. 
Depths are read verticiOly and should be read 
to wittdn 10 fj^t.or bettor on the 900r>footBT» 
5 feat or bettor on the 450--foot BT, and 2 feet 
on the 206-foot models,, 

When a BT sUde to seehthrou^ 
the trace is superimposed iqKm the grid for the 
particular. BT that made the temper ature record- 
ing«» Fijgpire $-11 shows Mdiat a Sonar Technician 
sees as he vieyns a BX sUd^ 

Place the slide back of th^ tranqpar^ 
grid, vMoh is nilfid^^^ tomperature anid depth 
scales. The slide should bei held back of the 
grid in the jsame position it had iq the BT, The 
viewer^s eyeplebe may be adjiksted to briiig the 
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Figure 5-11.— BT slide as seen through the 
viewer. 

trace and scales into proper focus • Handle the 
grid carefully to avoid scratehing the grid or 
the slide. Each BT has three identical grids. 
Two are sent along with the BT, one of them 
to be used as a spare. The third grid is retained 
at the National Oceanogriqphic Data Center, 

HYSTERESIS EFFECTS 

The stylus etches information while the BT 
sinks and also as it rises. If water conditions 
where it rises differ greatly from where it 
sinks, two distinctly different traces will be 
seen. Usually, however, differences in water 
conditions are negligible, so that, if two traces 
appear, tfaey may be caused l^teresis. This 
condition is a lag in the movement of one of the 
elements. 

If it is suspected that l^teresis existe. 
Insert a new slide in the BT and make a second 
towering, A brtef inspection of the slides will 
reveal if water conditions changed during the 
two lowerings. If water conditions are the same, 
and the BT is affected hysteresis, each of 
the two slides will show two separate traces 
following each other. If the traces are essentially 
sii^ilar, a slight separation is negligible, 

READING SURFACE TEMPERATURE 

When the BT is on the deck, it usually has 
a different temperature than when put into the 
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water. The temperature element moves the stylus 
along the zero depth line of the surface water 
temperature position during, the 30 seocmds or 
more when the BT is to^Mdng at the surface, 
Consequentlyt the top of most traces is an 
almost horizontal line. This surface trace should 
fall dlODg the zero depth line of the grid when 
the slide Is viewed. If it aiypears more than 3 
feet above or below, correct, the depth readings 
hy the amount of this error. Read surface 
temperature by noting the point at which the 
trace starts downward from the surface trace. 

It's a good idea to make a comparison from 
time to time between the surface temperature 
as read from the slidOt and the bucket surface 
temperature as read for the same lowering. 
On a series of slides taken from the same 
BT, the readings from the slide and the bucket 
thermometer should be about the same. If there 
is a difterenoeg and if the difference continues 
for later lowerings, the calibration pf the BT 
probably has shifted, A shift in calibration, 
sometimes oalled a shift in the zero points, 
usually does not change the accuracy of the BT, 
But, make a note on the BT logsheet showing 
ttie slide number and the time at which a shift in 
calibration was detected. 

If the BT accidentally strikes either the 
ocean floor or an underwater object, the depth 
at which it strudk can be determined by reading 
the depth of the horizontal line across the trace, 
made when the stylus arm vibrated with the 
shook, 

READING BT TRACE 

The bathythermograph, as idreacty pointed out, 
provides a continuous 'vteual record of the tem- 
peratures from the surface of the sea to a depth 
to wfdch it is lowered* The: tiamperatures of 
various ocean depths recorded on the slide 
ttie BT are represented -as a grqd^^ 
ture against di^th y/b&a seen through the grid 
viewer, Figuro 5-12 shows the. porttcm of a 
BT grid inunediatety surrounding the trace. 

In figure 5-12, the line marked A** repre- 
sents changes in temperature between the sea 
surface and a depth of. 250.feet, Little change 
in temperature results until a depth of 50 feet 
is reached. At that point» the tenq[>erature of 
the water , begins to o<Kdl quite rqpidly to a 
depth of 145 feet. Below 145 feet, the water 
cods more slowly. 

From the traaperature curve, one can dls-- 
cover the sound pattern of the sea at the time 
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Figure 5-12,— Graphing the BT trace. 

of the Juij^ythermograph observation. It is from 
the souna pattern that an estimate <rf maximum 
sonar range can be made. 

The variation of temperature with depth can 
be quite complicated, Maqy different conditions 
ntiay be represented by the different bathythermo- 
gvBph slides. It is convenient to consider the 
water as layers. In each li^r the temperature 
can change from top to bottom. Create a mental 
picture of the location of these layers from the 
appearance of the slide. Visualize, too, how 
the temperature is changing. Study the following 
examples until each kind of layer can be identi- 
fied easily. 

Negative Gradient 

A negative gradient condition exists vfben the 
temperature of the water decreases with dcq[>tti« 
A B?.', lowered throu{^ a negative gradient, 
proAices a slide with the etched trace sloping 
to the left as depth increases. Figure 5-13 
represents a trace showing a negative gradient. 
This iUiistratim depicts a particularly sharp 
gradient, ¥^bh is Iqtdte cpmm Negative gra- 
dients speU trouUie for sonar operatora because 
they result in shoirt scmar ranges. 

Positive Gradient > 

Sometimes, liters are found in which the 
temperature increases with depth. The BT trace 
slopes to the right. Although usually observed 
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Figure 5-13«— Sou^ pulse travel through negative gradient* 



in ooa9tai waters, this condition may be found 
anywhere. In figure 5-14 a positive gradient is 
9hdwn to exist down to a certain depth, beyond 
Vhich a negative gradient is formed. Depending 
on the depth of the start {top) of the negative 
gradient, such a trace can also mean trouble 
for the Sonar Technician. As a result of this 
condition, the shipboard sonar operator observes 
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Figure 5**14.— Sound pulse travel throuj^ positive gradient* 



unusually long ranges to targets near the surface. 
Little of the pulse's pov^r penetrates the nega- 
tive gradient, however. The reason is that the 
higher temperatures in the lower part of the 
positive gradient bend the pulse back iqp toward 
the suri ace of the sea from which it is reflected 
downward again, and so on, fc^mihg a surface 
channel. 
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Figure 5-*15.— Sound pulse travel through isothermal water conditions. 



Any energy of the pulse that does pass throuj^ 
the negative gradient is reduced greatly, and 
the sound beam is bent sharply downward. Sub- 
marines operating 50 feet or more beneath the 
top of the negative gradient are difficult targets 
to detect. The shipboard Sonar Technician may 
get extremely long ranges on a submerged 
target neiar the surface (such as the underwater 
secti(m of the hull of another screening ship), 
but he may be unable to detect a submarine 
just a few hundred yards away. Should the 
submarine enter the positive gradient, however, 
it probably would be detected. 

Isothermal Layer 

An isothermal layer of water is one of 
uniform . or nearly uniform temperature through- 
out. This condition is not coined necessarily 
near the surf ace of the sea, but of ten is found 
between layers or gradients of markedly dif- 
ferent temperatures*. An isothermal condition 
can be caused by waters of two ditferent tem- 
peratures mixing. In this respect, it sometimes 
is referried to as a mixed layer. Isothermal 
layers are of important in predicting the path 
tlij^ sound pulse will follow. For this reason 
Sonar Technicians must be* able to read accu- 
rately the top and bot^m depths of such a layer. 
You are shown an Ispthermal condition in figure 
5-15, Now look at figure &-16 to see how iso- 
thermal layers sometimes are iooated in a 



temperature profile of the sea. Notice that 
every time a straight, vertical BT trace is 
recorded, the layer of water between its limits 
is known to be isothermal, 

DAILY HEATING 

Daily heating of the surface water li^er has 
a marked effect on sonar ranges. It produces a 
o<mditton ASW nien call afternoon effect. 

When the surfax^e is heated by the summer 
sun, and the winds are not strong enough to 
keep the surface water well mixed, the water 
-^close to the surface may be several degrees 
warmer than the water 20 to 30 feet down. 
This effect is maximum in the late afternoon, 
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Figure 5**16.— Temperature profiles. 
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Figure S-1 7 .—Effect of daily heating. 



and usually disappears at nlg^t as the surface 
cools off and water continues to mix« Figure 
5-17 is a simplified illustration shovdng.how 
traces on a se^Hes of slides may indicate daily 
heating or^cooling near the surface. 

An isothermal layer is seen at 0600 (local 
time) on a calm, clear day. From 0600 to 1600 
the surface is shovoi gaintaig heat from the sun 
faster than it can dissipate the heat back into 
the atmosphere. The surface temperature in- 
creases, and a negative gradient layer, repre-. 
sented by the crossed lines, is established. 
"Nrhis li^er deepens as the heat penetrates, and 
difAises downward 1^ conduction during the time 
the surf ace is gaining heat. 
— r^After 1600 the surface cools off by eviqpora- 
tion faster than it receives heatfrom the declining 
sun. The cooler and denser suif ace water mixes 
and may destroy the negative gradient layer. 
Sufficient cooling may occur during the night to 
reestablish u stogie isothermal layer, as shown 
at 0400. 

MARKING BT SLIDE 

Immediately after the slide is removed from 
the BT» it must be marked as outlined herein. 
Use a sharp petu;iU,/ and be ci^reful that you 
ikin't obscure or touch the. temperature trace. 
Information ^on the slide and BT logsheet must 
agree. Figure &-18 Illustrates the information 
to be marked on the slide. 

1. Line 1, Consecutive slide number and 
time group: Number the slides consecutively 
between ports. If 300 slides are used, they 
are numbered from 1 to 800. Use Greenwich 



mean time (0000 to 2359), giving the hour and 
minute at which the bathyttermograph entered 
the water. Draw a dash between the slide num- 
ber and the time. Slide number 5» taken at 2240, 
for example, is marked 5-2240. 

2. Line 2, Date: Day, months and year are 
entered as numerals. Use Roman numerals for 
the month. For example, 29 November 1950 is 
written as 29-XI-50. 

3. Line 3, BT instrument serial number; Thc^ 
serial number of the BT is stamped near the 
nose of the instrument. It is an important number, 
because the data center that processes your 
slides has over ten thousand grids, only one of 
which is a duplicate of yours. Always include 
any letter that precedes or follows the serial 
numbers; for examplCt BT 1216A orBTAA-1257. 
Without the proper instrument serial numbers, 
the information on your slide is worthless. 

FURTHER USE OF BT SLIDES 

In addition to providing immediately useful 
data on the temperature conditions of the sea, 
BT slides are used in compiling charts that 
give the ocean's average thermal conditions for 
each month of the year. These charts are pub- 
lished 1^ the Navy Oceanographic Office in the 
form of an atlas. Atlases give the average 
thermal conditions and probable detection ranges 
for various types of operational search sonar 
equipments. The charts are used planning 
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personnel to select safe convoy routes. Another 
use is to estimate i;^re the enemy might have 
his submarines deployed. 

In wartimev routes of each convoy must be 
planned carefully. If an area in the ocean has 
consistently poor sonar conditionSt the convoy 
escorts will have difficulty detecting submarineSt 
so the convoy should stay clear. U the average 
detection ranges between two areas differ notice- 
ably | it. will be necessary to vary spacing of the 
escorts. The atlases show thei3e conditions and, 
because they are available in/^^^ of the 
actual operation, they can be used to estimate 
the number of escorts needed to provide ade- 
quate protection. 

The atlafies are prepared from the informa- 
tion containf^ on thousands of BT vMch, 
for many yearo, have l^enfonvardedl^i^^^ 
ships to the Oceanographlc Office. AttheOceano- 
graphic Office, the slides are analyzed/ and 
average mphlhly. therm^^^^^ for areas 

of the oceian are plotted on bceian bharts. The 
result is a nabhthly series of charts, showing 
average condition thernial belts. The belts can 
be consulted to decide which are the dangerous 
and which are the relatively safe passage routes. 

TO guar wtee 10^^ 
condition, ttiey mu^^ be hahcUed with u 
care. They must ^i^^^^ 

or broken.: ^o^i be usefidr^ 1^ must \ retain; all; 
of the Infpnnatibn/ro by the National: 

Oceanogriq[>bib - Data! Ceiiter, where the slides! 
'now areprcK>e6|8ed^--- . - - - 

MAILING SIJO^ 

To avoid bra cd^ 
of the BTisUd€i8j»j.m^ ypu carry 

out the f<dl6win^ 
slides 1x> the Qceaiu^ 



^l.> Put ^ y . . 



" The foregoing procedure is to protect your 
slides so that NODC has the necessary informa- 
tion to process them. Fold and stsqple the BT 
logsheet so that the mailing format printed on 
the^jreverse side is displayed. Mail the BT 
slides, logsheets, and recorder charte to— 

- The National Oceanographlc Data Center 

. Washington, D.C. 20390 

OBTAINING ADDITIONAL LOGSHEETS 
AND SLIDES 

Bathythermogriqph logsheete may be obtained 
as follows: 

1. All naval activities in the Atlantic area 
(including the Gulf of Mexico, Panama 
Canal Zone, European and Mediterranean 
areas) submit completed Form DD-1149 
to- 

The Oceanogriqphic Distribution Office 
U. S. Naval Supply Depot 
5801 Tabor Avenue 
Philadelphia, Pa. 19120 

2. All naval activities in the Pacific area 
(including Antiarctic and Indian Oceans) 

J submit completed Form DD-1149 to-^ 

The Oceanographlc Distribution Office 
i U. S. Naval Supply Depot 
. Clearfield, Utah 84015 

3. All other naval activities may , request 

_ froni-^^ \ ■ / 

V WfU9hlngton, D. C. 20390 

Battiythermp^ are a standard stock 

item in the eted^^ are obtained 

through any : normal supply . support ^^channel. 
The stock number a^^ is: NS6655- 

67-67-987, Slide Set, Metallic Coated. A set 
consists of molded plastic box, 50 slides, and 
^telescop^; box for shippi^ 
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RADIO MESSAGE INFORMATION 
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A sample logsheet is Illustrated in figure 
5*19 • Information pertaining to one BT drop 
is supplied on the form. The environmental half 
of tho logsheet requires completicm of 14 items. 
The radio message portion has 7 data units^ 
plus spaces for the necessary trace readings. 

ENVIRONMENTAL DATA ENTRIES 

In the heading of the environmental data 
sectloni record your ship's name and hull num-* 
her I country, sheet numJtor, and sponsoring 
activity. Spaces for cruise and station numhers 
rre for special assignments.' If an i^iparent 
malfunction of Oe BT occurs, include pertinent 
information at the bottom of the sheet under 
*<Remarks.V Successive Ibgsheets are numbered 
consecutiveily. 

Item 1—BT Instrument Numheir 

The number is stamped on the nose cf the 
BT. Always Include any letter used as a prefix 
or suffix to the number. Coii4>are the number 
stamped on the BT with the number on the BT 
grid. The two numbers BfUST agree. 

Item 2-- Slide Number 

Nunober ttie slides consecutively, starting with 
number 1 for the : first BT recuUng taken after 
leavingport. 

Item34Date 

Day ;and month are given according to Qreen-* 
wioh date. Record the last two digits of fbe 
■year. .V- .y-'-V::: ; .:/: ;.-.v^'';.-P 

. Item 4*T-Time ' ■ • v ■ ' 



Record the (ndT^l^^ at whidi 

the BT entered;.!^ 

Items :6^|B^ ^ ^ 

Recbrd tbie^^r^ 
(N or Sr E 

Prefix w^ ibtoHomplete;! 
'the vdegTMs 8? '^is^^' 



Item 9— Air Temperature 

Record the dry and wet bulb air temperatures, 
to the nearest 0.1^ and check the apprq[>riate 
box for ^ or If centigrade temperature is 
less than 0^ add 60.0 to the actual reading (-2^ 
is entered as 62.0). Enter a dash above the first 
(tens) digit to indicate Fahrenheit readings below 

Item 10— Barometric Pressure 

Use millibars, to the nearest tenth, to record 
barometric pressure^ omitting the thousands and 
hundreds digits (1011.2 mb » 11.2). Table 6-3 
is used in converttng inches to millibars. 

Item 11— Weathe;: 

.'I 

Record present weather (WMO code 4601) 
as follows: 

0 Clear (no oloud at any level). 

1 Partly cloudy (scattered or broken). 

2 Continuous layer(s) of oloud(s). 

3 Sandstorm, duststorm, or blowing snow. 

4 Fog, thick dust, or haze. 

5 Drisde. 

6 Rain. 

7 Snow, or rain and snow mixed. 

8 Shower(s). . 

9 Tbunderstorm(s). 



00 
01 
02 
63 
.04 
06 
06 
07 

bs 

09 
10 
11 
12 
13 

14 

'EdibBr>'dsi>^^ at'^'tizde :-.at{'''^:^:/':16: 
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Table 5-3.— Conversion Table. Inches To Millibars 



In. 




27.50 
27.61 
27. 62 
27.68 
27.64 
27.66 
27.66 
27.67 
27.68 
27.60 

27.60 
27.61 
27. 62 
27.68 
27.04 
27.06 
27.00 
27.07 
27.08 
27.00 

27.70 
27. 71 
27.72 
27.78 
27.74 
27.76 
27.70 
27.77 
27.78 
. 27; 79 

27. 80 
27.81 
27.82 
27.88 
27.84 
27.86 
27.80 
27.87 
27.88 
27.80 

27:90 
27.01 

^27.^92 
27.98 
27.94 
27^96 

■vrV 271:90 
2X^97 

j 27. 98 
: 27.^99 



MUli- 



931. 

931.6 

931.9 

932.3 

932.0 

983.0 

93a3 

98ao 

934. 
984.3 

934.0 
98&0 
936.3 
936.7 
93&0 
93a3 



937.0 
937.4 
937.7 

93a 0 
93a4 
93a 7 
'989 0 
9394 
:93ft 7 
940. 
940l4 
940.7 
941.1 



;94];4 
K941.8 
942.1 
94Z4 
942.8 
94ai 
94a 4 
94a8 
944.1 
944:6 

944.8 

946.rl 

:94a^6 

94^8 

94a'2 
940 6 
.94a;8 
i947:'2 
^947f^ 
947^9 



In. 



2a 00 
2a 01 
2a 02 
2a 03 
2a 04 
2a Q6 

2a 00 

2a 07 
2a 08 
2a 09 

2a 10 
2a 11 
2a 12 
2a 13 
2a 14 
2a 16 
2a 16 
2a 17 
2a 18 
2a 19 

2a 20 

2a 21 

2a 22 
2a 23 
2a 24 
;2a26 
2a 20 
2a 27 
{2a 28 
2a 29 

2a 80 

2a 31 

2a 32 
f2a33 
2a 84 
2a 86 
2a 86 
2a 37 
2a 38 
2a 89 

2a:46 
2a4i 

2a42 
2a:43 
2a 44 
2a 46 
i2a46 
^2a47 
:2a 48 
2a 49 



MUU- 



94a 2 
94a 6 
94a 9 
94a 2 
94a 6 
94^9 
96a 2 

95ao 

96a9 
961.2 

961.0 
961.9 
962.8 
962.0 
962.9 
95a 3 
96a 6 
96a 9 
964.3 
964.6 

966.0 
96^3 
965.0 
95&0 
930.8 
96a 7 
967.0 
967.8 
067. 7 
.968. 0 

96a 8 

v96a7 
,969.0 
95a'4 
969^7 
96a0 
:1000.,4 
:900.7 
■901. 1 
901. 4 

901.7 
^902. J 
902;.4 
903. 8 

ooaj 

90a4 

^908^8 
^904.*1 

^do4:^ 

904:8 



Id. 



2a 60 

2a 61 

2a 62 

2a 6] 

2a 64 
2a 66 
2a 60 
2a 67 
2a 68 
2a 69 

2a 00 
2a 01 

2a 02 
2a 08 
2a 04 
2a 06 
2a 06 
2a 07 
2a 08 

2a 09 

2a 70 

2a 71 

2a 72 
2a 78 
2a 74 
2a 76 
2a 70 
2a 77 
2a 78 

2a 79 

2a 80 

2a 81 

2a 82 

2a 8g 
2a84 

2a86 
2a 80 
2a 87 
2a 88 
2a 89 



2a 90 
2a:9l 
2a 92 
2a 98 
2a 04 
2a\06 
;:28o90 
?2g;97 
i28r98 
2a 99 



ban 



906.1 
966.6 
966.8 
900.1 
900.6 
900.8 
907. 
907. 
907.8 
90a2 

90a6 
90a8 
909.2 
909 
909.9 
970.2 
970., 

970. ^ 
971.2 
971.0 

971. 9 
072.2 
972.0 
972.9 
97a 2 

97a 0 

97a9 
W4.3 
974. 0 

,974:9 

97a 3 

97a 0 
97a 0 

97a3 

97a 0 

977w0 
,977.3 
977.7 

97a 0 

97a 8 



97a 7 
97ft 0 
97ft:3 
97ft7 

98ao 

9804 

:981.^0 
981:^ 
98i:7 



In. 



20.00 
29.01 
29.02 
2ft 03 
29.04 
29.06 
29.06 
29.07 
20.08 
2ft 09 

2ft 10 
29. 11 
29. 12 
20.13 
2ft 14 
2ft 16 
29.16 
20.17 
20.18 
2ft 19 

20. 20 
20.21 
20.22 
2ft 28 
2ft,24 
2ft 26 
2ft26 
2ft 27 
20.28 
20.20 

20.80 
20.31 
20.32 
'2ft 33 
2ft^ 
20.86 
20.86 
2ft37 
2ft 38 
2ft 30 

20; 40 
20:41 
2ftH42 
2ft 48 
2ft,^ 

20; 46 
20.r47 
20; 48 
2ft 40 



Mllll- 
bm 



082. 1 
082. 
082. 7 
08a 1 
08a 4 
08a 7 
084. 
084. 
084.8 
08a 1 

08a4 

oaaa 
08a 1 

08a 6 
08a 8 
087. 1 
087. 
087. 8 
08a 2 
08a6 

08a8 
089. 2 
089 
089. 8 

ooa 2 

000. 6 

ooao 

001 

001. 6 
001.0 

002. 2 
002.0 
002. 0 

ooa 2 
ooa 0 
ooa 9 

004. 2 
004/0 
004.9 

ooa 3 

ooa 0 
ooao 
ooao 

ooatO 

007.^0 
00X8 
007.;0 

ooa 0 

00&8 

ooao 



In. 



20.60 
20.61 
21K 62 
20.63 
20.64 
20.66 
20.66 
20.67 
20.68 
20. 



60 1 



20.60 
20.01 
20.02 
20.03 
20.64 
20.66 
2ft 66 
20.67 
20.68 
20.60 



20.70 
20.71 
20.72 
20.78 
20.74 
20. 76 1; 
20. 76 
20.77 
^.78 
2ft 70 



20.80 
2ft 81 
20.82 
20.83 
20.84 
20.86 
20.86 
20.87 
20.88 
20.80 

!^.b6 
2ft0l 
2fl02 



MilU< 
ban 



ooao 

000.8 
009.7 

1.000. 0 

i.ooas 

1,00a 7 
1,001 
1,001 

1. 001. 7 
, 002. 0 



1,902.4 
1.002.7 
1,00a 1 

1, ooa 4 
1. ooa 7 

1, 004. 1 
1,004.4 
1,004. 

1, ooa 1 

1,00a 4 



ooao 
ooa 
ooa 4 
ooao 

007. 
007. 
007.8 

ooa 1 
ooa6 
ooao 



1, 000. 
1,000.8 
1,01a 2 
liOiao 
1, 01a 8 
1,011 
1, 011.6 
1, 011: 0 
1, 012,2 

1,612: 6 
1^012.0 
i,oia'2 



20.08l,0ia6 
20.04LO}ao 
20.06!ir014/2 
2ft 00:1, 014:0 



20.W 



20.00 



1, 014. 0 



20. 081, 016. 2 



1; Ol&'O 



In. 



80.00 
80 01 
3ft 02 
80 03 
30 04 
80 06 
80 06 
8ft 07 
30 08 
80 00 

80 10 
8ft 11 
30 12 
30 13 
3ft 14 
8ft 16 
3ft 16 
3ft 17 
30. 18 
30 10 

Oft 20 
30..21 
30.22 
80 23 
3ft 24 
30 26 
8ft 26 
30 27 
30 28 
Oft 20 
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8ft 
80 31 
80 82 
8ft 83 
8ft 34 
80 36 
8ft 36 
80 37 
80 88 
80 30 

iMi40 
8041 
30. 42 
80 43 
80 44 
8a46 
80 46 
8ft ^47 
8ft 48 
3040 



MUU< 
ban 



i.otao 
i.oia 3 

1.01a 6 

i,oiao 

1.017.3 
1, 017. 0 

1,01a 

1,01a 3 

1,01a 0 

1, 01ft 



01ft 3 
010. 0 
020. 
02a 3 
02a 7 
021 
021.3 
021.7 
022. 0 
022.4 



1,022.7 

i,02ao 

1,02a 4 
1, 02a 7 
1. 024. 0 
1,024. 
1,024. 
1,02a 1 
1,02a 4 
1,02a 7 



,02a 1 
1,020 4 
1,020 8 
1,027. 1 
1,027.4 
1, 027. 8 
1,02a 1 
1,020 4 
1,020 8 
1,020. 1 

1,020.6 
1, 020. 8 
1,030. 1 
1, 030. 6 
1,030.8 
,031:2 
1,031.6 
1,031.8 
1,032.2 
1,032:6 



In. 



Milli- 
ban 



8a 60 
8a 61 
80. 62 1, 
30.63:1. 
8a64!l, 



80.66 
3a 66 
30.67 
80.68 
80.60li 



80.60 
80.61 
3a 62 
3a 63 
3a 04 
3a OA 

saoo 

80.67 
80.68 
8a 09 



7ZX 



80.70 
80.71 
8a 72 
30. 
3a 74 
80.75 
80.76 
30.77 
80:78 
80.70 



8a 

80.81 
8a 82 
80.83 
80.84 
8a 86 
80.86 
80.87 
80. 88 
80.80 

3 a 00 
80.01 

.3a n 

80.03 
3a 04 
80.05 

3a 00 



032.0 
03a2 
03a 5 

03ao 

034.2 
034.6 
034.0 
03a 2 

03a 0 
03ao 



1, 030 2 
1,030 6 
1, 030 0 
1.037.3 
1, 037. 6 
1, 037. 0 
1, 03a 3- 

]..03a 0 
1, 03a 0 

1,03ft 3 



1,03a 0 
i,04ao 

1,04a 3 
\ 040. 0 
1, 041. 0 
1,041. 3 
1,041.7 
1,042.0 
1,042.3 
1,042.7 



801, 



80.071,040 8 



80. 08 
80.00 



,04ao 

1,04a 3 
l,04a7 
1, 044.0 
1,044.4 
1,044.7 
l,04a0 
1.04a 4 
1, 04 a 7 

1, 04a 1 

1, 04a 4 
1, 04a 7 
1, 047. 1 
1.047.4. 
1,047.8 
1,04a 1 
1,040 4 



1.04a 1 

1,04ft 5 
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Item 12— Clouds 

1. Type: Code the significant type of clouds 
(WMO code 0500). 

0 Cirrus. 

1 Cirrocumulus. 

2 Cirrostratus. 

3 Altocumulus. 

4 Altostratus. 

5 Nimbostratus. 

6 Stratocumulus. 

7 Stratus. 

8 Cumulus.; 

9 Cumulonimbus. 

X Cloud not visible because of darkness, 
fog, duststbrm, sandstorm, or other 
phenomena* 

2. Amount: Recordthe&acUon of the cele^ 
dome covered 1^ clouds (in eighths) (WMO code 
2700). 

0 Zero. 

1 One okta (eighth or less, but not sero). 

2 Twooktas. 

3 Three 6ld;as.> 

4 Four oktas; 

5 Five oktas. 

6 Six dctas. 

7 Seven oktas. 

8 Eigjit bktas._ . 

9 Sky bbsbured, or cloud amount cannot 
be estimated. 

Item 13^ Waves ' 

Enter the mean ^ h^^ of the predominant 

waves; Check;^ the a^ indicate 

feet or metero. Bepord^^^^ of the waves 

in seccttds.V:;-'--^^ * V \ \ 

Iteni l4p^iSea Su^M^^^ 

Use the iqppi^riate^^^c the accom- 

pw]|lng^]£9Vv^^ 1^ 
obtain' vtliiB^^^^^^ la 
whkSh|s^^ 

« ;>:i;99:::v;*Ep4Jectt6fcthe -^^^i- 



TRACE READOUT 

Interpretation of the BT trace is necessary 
to obtain the required values for making up the 
sonar message and for radio transmission of 
BT information. The observer must insert the 
BT grid and slide in the viewer and read off the 
points for encoding where the BT trace changes 
direction. This procedure is in addition to read- 
ing surface and bottom values. 

No adjustment is made for discrepancy be- 
tween reference temperature and BT temperature . 
Any bias in depth (trace beginning above or below 
zero line) must, however, be adjusted visually 
before reading at any depth. Otherwise, the trace 
will be in error. 

A sample BT trace readout is shown in 
figure 5-20 with the readout figures to the right. 
The arrows indicate points that should be re- 
ported. Do not routinely read points at 50 or 
100 feet unless the trace changes direction at 
these points. When the trace is in a straight line, 
only two readings are necessary— a surface 
reading and a reading at the deepest depth of the 
BT trace. 

RADIO MESSAGE INFORMATION 

The radio, or BATHY, message should contain 
sufficient points so that the trace plotted by the 
addressee is identical to the original trace, 
except for minor wig^^s. Provision is made on 
the BT log for entering the readings in the proper 
order for radio transmission. The observer 
should not interpret the number of spaces pro- 
vided for this information to be a restriction 
on tbe nuinber of points to be recorded. Use m 
many liiifes on the BT lo^heet as required to 
describe the BT traod accurately; 

The radio message portioh of the BT log^ 
sheet ; shown in figure 5-19 is completed as 
described in the fpllowing itemization. 

Item 1— Prefix 

! All BT messaged are prefixed by thQ word 
BATHY, ;which is preprinted on the logsheets. 

EntM; ^heii c6de^^^^ 
week, starti^ number 1 f or Simday. 

-■•■Item-3-j-^ 5,:;i;: v,/v.^^^ . -^^ 

; ' V ItecK)^ hbiir ^d vrtiicA 
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73SS2 



' 90492 



seiecTioN OP siompicant values 
TO Be nepoRTeo 



71.93 

Figure 5-20.— Trace readout. 



Item 4— Octant of Globe 

Record the octant of the globe as follows: 
■\ North latitude 

0 — ©• to 90«W. 

1 — 90«W to 180». , 

2 — 180» to 90«E. 

3 — 90?E to 



0\ 



South latliude 



5 — ©• to 90X 

6 — 90«W to 180». 

7 — W to 90«E. 

8 — 90«E to 

Items 5 ainid e-s-PoeiiUqn; 

^ ' .fi^^ latitude 
aiid;:lbngltu<te^^ 

v^n^n^NQNMs^^^^ 

':■ Exiua|>le: Catitiiae i ^5*80 0530; 
rlweitdde 9?45' is ente^ - ■ ; 



BT TRACE READINGS 

When entaiir^ Uie depth-temperature read- 
ings» ailhere to fhe following directiODSs 

Symbol 

ZZ Water depth in feet. ZqZo is the 
surf aoe» preprinted as 00 on the iQg^ 
sheets Depths of subsurface temper- 
ature changes are veoorded in tens 
of feet; Osgs. 140 feet is recorded 
as 14s 

TTT Temperature. TqTq is the surface^ 
temperatures Subsurftee tempera- 
tures an symbolized tqr T^T^T^^ 
Record the temperature tothe near- 
estOsl?ForCs 

All messages must terminate with message 
suffix figures 19991s 

Along the r^^t^ e radio message 

SMUon; r^^ diftte-time group of the 
BT messag^ 

WaS^JE^b^ ; . ^ 

■ -^S^^i^W^^ in 




* ■ ' 

- • 
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NAVAL MESSAGE 

o^NAv Fo«M aiio-n cKv. s/n oiomos^moo 



RCLCASCO BY 



18 August 19~ 



OttAFTCO BY 



TO«9/TOD 

181U5 



PHONC CXT NR 



CHKCKCP BY 



1 OP 1 



MCStAOC NR 


OATC/nMC OROUF lOCTl 


PRECE' 
OENCE 




CMOOCNCV 


OWAnONAl 
•MMOUfl 




tOiftMl 


OOUtfO 


9 


181406Z 


ACTION 










z 








INFO 















Pren: U3S Fnd T. Berry 00858 
Tot rLEWBAFAC NORVA 
Info: CAMIARCGM HALIFAX 

BATHY 31230 03742 06527 1X686 00647 14647 30694 40676 
51619 54563 73552 90492 19991 



OltTRIBUTlON: 
(PAOV ONt ONLY) 



UNCLASSIFIED 



OATC/TIMC OROUP lOCTI 

iei406Z 



31.47 

Figure 5-21.— BT msssage. 



SEA SURFACE TEMPERATURiE < > ; 
REPORTS - ■ 

sUps of this U. S. Fleet;^^ 



ship'is looatlolu The message lesentunolasiBlfiedt 
with a priority precedenpci. ^ 

. Figure 5-22 lilustrates fhe log on whioh to 
TOobid; the- It 18 

fiUedyln^^^^ for 
sinstl^^^^^^^ The mm Ipnoiat .is slxnUar 

LOQGD^ 

is^^ fhi C^Eill log" is' 

siio^iu^^^t^^ in the BT log. Tw 




..rvv»r^■w•«^•l/*!r■♦?c^.■>**':^•'r?'y•5^;^■: 
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SEA SURFACE TEMPERATURE LOG 

SHIP'S NAME . f:^^P. Tt ^.^3. r . HULL HoPPesa qATE 26. f . f ? . 




BEGIN RADIO MESSAGE 
WITH CTEM 



nn mnn bihhrh hhriiiii mm 

BHBgn BBBB B SSDSi] DQUBB QaOQD 

aQDQfl oassi qdqbq 

iiiii iiiii iiiii 

BQDBB DSBD| QpBQB 

QBBBB QDEili QDitii 

iiiii iiiii EEiii 



I f f 9 I 



1,-ENTER THE FOUOWINO 
APPROPRIATE lETTER AS 
I, TO INDICATE INSTRU- 
MENT USED FOR MEAS- 
URING SEA SURFAa 
TEMPERATURE. 



(N) INJECTION 
THOMISTOR 
(NSRT) 

(B) BUCKET 

THERMOMETER 

(J) INJECTION 
THOMOMETER 

(O ) OTHER (SPECIFY) 



TRANSMIT DATA ONLT\? 
FROM UNSHADED PORTiONt|, 

•.OF; lOG.: ■ ':e»r* 



0922/ 



wmm 



Iiiii iiiEi WMM 



iiiiH mm \mm 



wis 



Iiiii ilSiii ISiBS 



\mmm 



ilii Siiii iiilB 



END RADIO 
MESSAGE WITH 
19991 



y ki y k:J hi h a i vi tii h kl^s ^il M U 



liiSH smm BEassi 
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Lounch^r R#cord«r 
CobU (4*wir« 
thktd^d) 



Optional 
Equipment ^^^^ 



ConitUr Looding Brooch 



Conittor Wiro Spool 




1 



Stonchion 



Alfornating-^ 
Curront Pbwor 
Cdblo (3-wiro) 



tormihql 
Bodrd 




Do pth /To m poraf u ro 

' Chorf 



RECORDER 



Wiro Spool 



thormittbr 



PROBE (XBl) 



Ems 
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be in centigrade. If you have only a Fahrenheit 
thermometer, you can convert the readings to 
degrees centigrade by using the formula: 5/9 
(F^-»32), If an obseryation is missed, insert 
XXX in the temperature space for that hour. 
Do not try to extrapolate. 

Identification 

Enter your ship's name and hull number, and 
the date at the top of the sheet. 

Message Prefix 

Each message contains the prefix CTEM9 
togeOier with a code letter indicating the instru^ 
ment used to measure tbe temperature. The 
code letters are: (N) infection thermistor; (B) 
bucket thermometer; (J) injection ttiearmometer; 
(d^ some other device, which must be specified* 
Instrument preference is in the order listed* 

Date 

Enter the day of the month, the month, and 
the year. The day ud the month will contain two 
numerals eaoh* Use only the last numeral for. 
the year. 



Position 

Octant, latitude, and longitude are recorded 
for each reading. See items 4, 5, and 6 in the 
radio message section of the BT log for proper 
method of making entries. Each entry is to be 
the position of the ship at the exact time of 
taking the temperature reading^ 

Observation 



Enter the QMT hour and the sea temperature 
to the nearest 0,1%, ^Vhen the temperature is 
below zero, add 50 to the absolute value. 

Ending 

The message must end with the numerals 
19991. 



EXPENDABLE BATHYTHERMOGRAPH 

Many undesirable features are connected with 
the use of the mechanical BT and its associated 
equipment. The most unwelcome aspect is that 
the ship conducting a. BT drop must maintain 
a slow speed and steady course. The deeper 



i 
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■1 
1 






71.127 

^Figure 5-25.—* Expendable components and launcher • 



the drop requlred» the slower the speed neces- 
sary* TiiVBf the ship is incJ^tolngly vulnerable 
to Butamarlne attack* The BT Is often lost be- 
cause of parting of the wire* It is subject to 
damage caused by striking the bottom or other 
objects* Because of faul^ jalides^ or a faulty 
stylus, several lowerings may be 
fore an acceptable trace ban to obtalnedi'ttiereby 
pndonging the shl^^'s e>qposure 1^ 
weaflier may produce ciiM h«jsar^^ 
for operating personnel Oiat a loi^ 
to made at aU. AddittonaUy* the j^ti^b^^^ 
Tiding each sh^i with three dl^rant"^E)w 
BTs must to consideredi j^us spares-Heacli oi^^ 
requiring its oira gpHld and individual caUbratl<»iV 
For many years the Navy hM seeking 
a replacement for ' the meki^^ BT that would: 
to otoflqper I more icwi^^ reliable, and 
saf^r to iMse* After- 
es^endable batbi^x^^ 
system hasi been^^ a^^ 
duc^ into the 

is : consideirad 'Stid e^ fuel 
oopsu^^ 
dal: ;BTv^lov^^ 

eoqEMandtfd^ bt^ ^the^^^XB^ 




71.119 

Figure 5--26« — B T recorder • 




mm 
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XBT is more accurate and has a greater depth 
range than the conventional BT» Moreover* Its 
use removes speed restrictions on the ship* 
Readings can be obtained at speeds to 30 knots. 

COMPONENTS 

The esqpendable bathythermograph system Is 
composed of a sensor probe* a oannlstert a 
launch mechanism* and a temperature-depth re- 
corder» The esqpendable portion of the system, 
consisting of the cannlster and the probe. Is 
seen In figure 6-24, and figure &-26t The probe 



weighs about 1 pound and Is spin stabilized. It 
contains a thermistor, ^ch senses tempera- 
ture changes, and a reel of special wire. The 
cannlster also contains a reel of wire, and 
holds the probe. The launcher Is essentially 
a tube for holding the cannlster. It can be 
Installed to provide throu|^-tbe-hull launching 
of the probe, eliminating the necessity for sonar 
personnel to be on deck In roug)i weather. The 
recorder (fig. 5-26) plots a track on a strip 
chart of temperature versuB depth In real time. 
The strip chart is synchronized to the probe's 
rate of descent. 




71.120 

/ Figure 5-27« -^Recorder chart. 
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OPERATION 

When you place tbe oamdster in the launch 
tube, a watertight electrical connection isfcMnned 
between the probe and the recorder, causing the 
recorder to run for 2 seconds. This action sets* 
the automatic starting circuits, which are acti- 
vated v/ben the probe hits the water. The probe ^ 
is held in positton by a pin protruding from the 
launcher. Pulling the pin permits the probe to ^ 
fall free, of the cannister, into the water. (The 
oannister remains in the launcher.) As the 
probe starts its free fall, the wire odnmiences 
unreeling from the probe and from the oannister. 
This double unreeling action allows the probe to 
sink straight down, and permits the ship to 
proceed unhindered. 



When the probe strikes the water, an electrode 
triggers the recorder. The thermistor transmits 
temperature changes to the recorder, where they 
are plotted on the strip chart by a stylus. At a 
depth of 1500 feet, the probe's wire is e^diausted 
and the recorder stqps. A complete readout is 
obtained in 90 seconds from time of launch. 
Temperature range of the probe is 28^ to 96^, 
with an accuracy of 0.4?F. Depth accuracy is 
2 percent or 15 feet, whichever is greater. 

Figure 5-27 shows a representative tem- 
perature-depth profile. Only 6 inches of chart 
pqier are needed for each 1500-foot drop. Pres- 
ent plans call for the fleet to be completely 
equipped with the XBT system within 2 
years. 



p— — 



CHAPTER 6 

PRINCIPLES OF SONAR 



The earliest sonar equipment was a passive 
device, a simple hydrophone lowered into the 
water and used to listen for noise created by a 
submarine. The only indication of a target is^ 
an audio tone. Bearing accuracy was doubtflU. 
and ranges were strictly guesswork. 

Today's sonar equipments provide hlehly 
accurate ranges and bearings. Th^ preset 
information both vlsuaUy and aurally. Both active 
and passive types of equipment are used. 

Aithoug^i specific smars and related eaulo- 
ments (except a fathometer and a tape recordart 
are not cohered in this chapter, basic principles 
of operation given herein are applicable to 
all sonar equipments. 



SONAR SYSTEMS 

Two general types of sonar systems are 
enaployed for the detection of targets. They are 
referred to as active and passive sonars. 

The active type of sonar is capable of trans- 
mitting underwater sound pulses that strike 
E^iSf f J "*,'eti?^ned in the form of echoes. 
of^taJJrt" ^""^""^ 'ange and bearing 
Passive sonars do not transmit sound. They 
merely listen for sounds produced by the target 
in order to obtain accurate bearing andestlmatod 
range Information. 

Active sonar systems normaUy are associated 
with surface ships, whereas passive systems 
^IJS^^ "ff with submarines. Newer 

surface ships, however, employ separate passive 
systems in addition to their active sonarsTsub- 
marlnes, although still relying primarily on 
passive systems, also employ active sonars. 

ACTIVE SONAR 

A Simplified active sonar system is shown 
in figive In this set the sonar transmitter 
consists of a hlg^-frequency audio oscillator and 



SONAR 
CONTROL 
INDICATOR 



RECEIVER- 



TRANSMITTER- 




TRANSOUCER 



71.47 



Figure 6-l.-.simpllfied active sonar system. 

an ampUfler. The transmitter feeds a short. 

powei^a pulse to the transducer for transmlssioil 

wJ?® The signal is transmitted in 

360° of azimuth. 

A transducer is a device used to convert one 
form of energy into a different form. In a sonar 
set, the transducer converts electrical enermr 
into acoustical energy and reconverts the sound 
echoes to an electrical signal, thus acting as 
both a loudspeaker and a microphone. 

Just as Important to the sonar system as thti 
teansmitter and transducer is the receiver. It 
^tlons on the superheterodyne principle. In 
this unit the small, hlgh-firequency electrical 
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signals resulting^om the echo are amplified 
end converted tc audio signals that can be 
heard through a loudspeaker or earidiones. The 
receiver also feeds the amplified echo signal 
to the various video indicating devices, such as 
the cathode ray tube (CRT) on the control indicator. 

Searchlight Sonar 

Early active sonars utilized the searchlight 
principle for transmitting sounds. Like the 
searohlis^t, the transducer had to be trained 
to a particular bearing in order to transmit 
sound on that bearing. The sound beam was 
narrow in bearing width (about 5^, consequently 
th» echoes were received £rom only a small 
sector of the surrounding sea. An arrangement 
of this type was necessary at that time becaiise 
sufficient power for omnidirectional transmission 
could not be generated. The scanning sonars in 
widespread use today develop tremendous power — 
enough to be transmitted 360^ in azimuth simul- 
taneously. 

Late modifications to active sonars allow the 
selecticm of directionally transmitted sonic 
pulses, somewhat related in principle to the 
earlier searohli|^ sonars. This feature, called 
rotating directional transmission, is discussed 
later. 

The main disadvantage of the searchlight 
type of sonar was the length of time required 
to scan the area around the ship. Search pro- 
cedures called for the operator to transmit, 
listen for echoes, train the transducer to a 
new bearing, transmit, listen, and so on, first 
on one side of the ship, then the other. It was 
pospible for a submarine to slip by undetected 
on the port side, for example, while the operator 
was searching on the starboard side. Moreover, 
maintaining contact with a target that had a 
rapidly chimging bearing required a high degree 
of proficiency on the part of the operator. 
Another disadvantage was that seai'chlig^ equip- 
ment had only an audio presentation, .ii^ereas 
today's- scanning sonars provide both a video 
and an audio preseintation. 

Scanning Sonar 

Modem submarines and ASW ships are 
equipped with scanning sonar, which transmits 
sound pulses of hi|^ energy in all directions 
simultaneously. One of the features of scanning, 
sonar is a cathode ray tude (CRT) display of all 
underwater objects detected in the area sur- 
rounding the ship* Target echoes appear as 



bright spots on the CRT, similar to the display 
of a radar's PPI. 

Some of the data that you may learn from 
the CRT presentation are as follows: 

1. The size of the target may be estimated 
from the size of the echo. Don't rely too heavily 
on this feature, though, because echo appearance 
depends on such factors as target aspect, range, 
and equipment performance. 

.2. The distance of the echo from the center 
of the CRT represents range to the object 
&om your ship yAien the CRT is used in the 
ship center display (SCD) mode. 

3. True bearing of the object can be deter- 
mined directly on the scope. 

4. Target movement can be determined from 
its scope presentation*. . Fixed objects such as 
reefs and sunken shipis will move in a direction 
parallel to your ship's movement and in the 
opposite direction. Moving objects may have 
motion in any direction with respect to own 
ship. 

5. The wake of a submarine often can be 
seen. By examining the wake, you may be able 
to establish a submarine'^'s heading even befbre 
its movement can be detiermined by tracking* 

6. Submarines that are too far away for 
detection by echo ranging may yet emit enough 
noise to be detected. Under these conditions, 
a small segment of the scope appears to be 
filled with a rippling pattern. The general direc- 
tion of the noise source can be ascertained 
by taking a bearing to the center of the noise 
pattern. 

TRANSDUCERS 

Knowledge of the design and function of the 
transducer is the key to understanding the prin-* 
ciples of sbnar, wlsether of the scanning or the 
searchlight type. You already know that a trans- 
ducer converts outgoing signals from electrical 
to acoustical energy, and converts incoming 
signals from acoustical to electrical energy. 
Signals are converted by the magnetostrlctlve, 
piezoelectric, or electrostrictive process. 

Magnetostrlctlve Process 

Magnetostriction is a process wherdliy changes 
occur in metals ^en they are subjected to a 
magnetic field. If a nickel tube is placed in a 
magnetic fields for example, its lengthis shortened 
as a result of the magnetostrlctlve effect. The 
effect is independent of the direction of the 
magnetic field. 
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^ In the searchlight type of sonar, several 
•hundred nickel tubes are arranged in a circle 
and mounted on one side of a matal plate called 
a diaphragm. Each tube is wrapped with a coil 
of v/Ire to prevent iErequency doubling. When 
an alternating current is applied to the coil, 
the. tubes shorten and lengOien at the rate of 
the alternating current. Each tube i^ polarized 
by a constant magnetic field, usually supplied 
by a permanent magnet. During one half cycle 
of the applied signal, the a-c voltage and the 
polarizing field add; during the next half cycle, 
they oppose each other, and the magnetic field 
is always in only one direction. The contractions 
of the tubes thus are fixed to the a-c frequency. 

As the tubes contract and expand, the dia- 
phragm vibrates and produces an acoustic signal 
of the same frequency as the applied alternating 
current. A magnetostxi^ctive transducer used in 
searchlight sonars is shown in figure 6-2. 

Transducers employed with some scanning 
sonars also operate on the principle of magneto- 
striction. Instead of nickel tubes, however, the 



transducer elements have nickel laminations 
pressed in a thermoplastic material. Each element 
contains a permanent magn^ for polarizing the 
nickel. Several elements are mounted vertically 
to form 1 stave, and 48 vertical staves are 
arranged circularly to form the transducer. A 
scanning transducer is shown in figure 6-3. An 
exploded view of a portion of a stave is seen 
in figure 6-4. 

Many types of operational scanning sonar 
transducers are magnetostrictive. Except for 
variations in dimensions, they are similar in 
design. The type shown in figure 6-3 is a 
cylindrical unit approximately 19 inches in dia- 
meter and 27 inches long, and has an operating 
frequency of 20 kHz. 
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Figure 6-2.— Searchlight magnetostrictive Figure 6-3.-Soannlng magnetostrlctl^ 

transducer. transducer. 
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Figure 6-4.— E9q)loded view of one scanning sonar transducer stave. 



Electrically, the magnetostrictive scanning 
sonar unit acts as two independent transducers 
housed in a common container. Oae of the 
Independent units is the search section. The 
other is the maintenance of close contact (MCC) 
section, located above the search elements. 

The search section is made up of 48 vertical 
staves. Each stave consists of nickel laminations 
and a polarizing magnet. Electrically, the staves 
are Independent of one another. 

As its name implies, the MCC section is 
used to maintain contact on a close-in sub- 
marine. The MCC elements transmit In a de- 
layed sequence from the top down, causing a 



phase delay of the sound beam, which results 
in the top of the beam bending down toward 
the delayed portion of the beam. The effect 
resembles refraction. Transmission is at a 
downward angle of approximately 30"*. 

Because the elements are so placed that 
they can cover a 360* area, there Is no need 
to rotate the transducer in scanning sonar. 
Such an arrangement provides video coverage 
simultaneously on all bearings. Audio coverage 
is afforded by training a cursor to the desired 
bearing. Most present-day magnetostrictive 
transducers are built along the same general 
lines. Physical dimensions vary according to 
the operating frequency and power output desired. 
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Piezoelectric Process 

The piezoelectric transducer functions much 
like the magnetostrictive type. An exception 
is that crystals are used instead of nickel 
laminations. Various kinds of crystals have 
been employed, but the most commonly used 
type is ammonium dihydrogen phosphate (ADP). 

The arrangement of the crystals on a dia- 
phragm is similar to the method used in the 
magnetostrictive transducer. One end of the 
crystal is attached to a bakeUte-covered steel 
plate, and the other end is allowed to vibrate 
freely. The free ends of the crystal block con- 
stitute the transmitting and receiving elements. 
The entire arrangement of crystals is connected 
electrically to give the effect of a single large 
crystal. The elements are housed in a chamber 
mied with castor oU, which has sound trans- 
mission qualities similar to sea water. The oil 
also protects the sensitive crystals from being 
dwnaged by exposure to water or moisture. 
When an electric current of the desired frequency 
is passed through the crystals, they change size 
as a unit, causing a vibration. Vibrations are 
passed by the castor oil, through the "window*' 
of the sonar dome, into the sea water. When 
outside energy is received in the form of an 
echo, it exerts mechanical pressure on the 
crystals, which produce an electrical current 



that is amplified and converted to visual and 
audible signals. 

Nearly all transducers now being built are 
of the ceramic type. Ceramic compounds have 
high sensitivity, high stability with changing 
temperature and pressure, relatively low cost, 
and can be constructed in almost any reasonable 
shape or size. 

Electrostrictive Process 

The most commonly used ceramic compound 
is lead zirconate titanate. Such transducers are 
known as electrostrictive transducers yet behave 
in a piezoelectric manner, and now are more 
widely used in modem sonar system^s.-Although 
a ceramic material is essentiaUy electrostrictive, 
it can be made to behave Uke a piezoelectric 
material by polarizing it permanently. Polariza- 
tion is accomplished ^ impressing an extremely 
high voltage on the material for a period of 
several minutes to aUgn the molecules. Once Uie 
molecules are aligned properly, the compound 
can be treated similarly to ttiat used wltii a 
piezoelectric material. 

MODERN ACTIVE SONAR THEORY 

The theory of modem active sonar operation 
may best be understood by breaking it down into 
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Figure 6-5.— Sonar system— block diagram. 
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three basic functions: transmission, reception, 
and presentation. A block diagram of a repre*- 
sentative sonar system is seen in figure 6-5. 
The diagram shows only the system's major 
imits and main signal paths. 

Transmission 

Transmission of the sound pulse is initiated 
in the control-indicator, which contains the neces- 
sary keying circuits. Pulse le^h is also deter-* 
mined at the control-indicator by the sonar 
operator. The keying pulse from the control- 
indicator triggers the transmitter oscillator in 
the reoeiver-soannlng system assembly and actu- 
ates the transmlt-receive switch in the audio- 
frequency (a-f) amplifier. In the receiver-scanner 
the pulse is modulated to the equipment operating 
frequency, amplified, and deUvered to the sonar 
transmitter, \rtiere it is fiirther amplified to 
the power level required for transmission. 

The output of the sonar transmitter is fed 
to the transmit-receive switch in the a-f ampli- 
fier, then to the transducer transfer switch 
where selection is made between NORMAL or 
MCC operation. The signal then goes to the 
transducer where it is converted to acoustical 
energy and propagated into the water. The shape 
of the transmitted signal resembles that of a 
hollow cylinder (or sphere, depending on the 
shape of the transducer), which expands in 
diameter as it travels outward. The thickness 
of - the cylinder walls depends on the pulse 
length selected by the operator, (See fig. 6-6.) 

Reception 

If the transmitted sound wave strikes an 
object having sufficient reflective characteristics, 
a small portion of the signal is returned to the 
transducer. In the transducer, the acoustic signal 
is converted to an electrical signal by the 
piezoelectric effect of the receiving staves. 
Each of the 48 staves has its own preamplifier, 
located in the a-f amplifier. After preamplifica- 
tion the signal is sent to the video and audio 
scanning switches inthereceiver-soanningswitoh 
/ assembly. 

' The video scanning switch rotates contin- 
uously, thereby sampling noise signals and echoes 
from all bearings. The audio scanning switch 
is positioned to any bearing selected by the sonar 
operator. Signals from the scanning switches 
are fed to the receiver section of the receiver- 
scanner where they are converted to suitable 
freipienoies and amplified for presentation. 




PULSE LENGTH 
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Figure 6-6.^ Pulse length determines thickness 
of sound cylinder. 



Presentation 

For the returning echo to be of any value, 
it must be presented in such a manner that 1 
the sonar operator can interpret the informa- i 
tion it represents. The echo is presented to the 
operator both visibly and audibly. 

The manually positioned audio scanning switch 
feeds the signal to the audio portion of the re- 
ceiver, which is of the superheterodyne type. 
Incorporated in the receiver audio circuits is a \ 
control for eliminating the effect of own ship's \ 
speed on the reverberation pitch. This control I 
is called the own doppler nullifier (ODN). It | 
removes own ship doppler effect from target * 
echoes, greatly aiding the operator in target 
classification. From the receiver the audio signal 
is sent to a headset position at the control- 
indicator, and also can be fed to loudspeakers. 

After the output of the video scanning switch 
is processed in the video portion of the receiver, 
it is displayed at the control-indicator on a 
cathode ray tube. The sweep on the CRT is a 
spiral scan, which is synchronized with the video 
scanning switch. (See fig. 6-7.) 

One method of obta&ilng a spiral scan is to 
rotate the field of the deflection coils around 
the CRT, simultaneously appljdng a sawtooth 
voltage to the coils to cause displacement of 
the sweep with each succeeding rotation of the , 
coil. For clarity of explanation, the coil yoke ? 
is mechanically connected to the video scanning 1 
switch. As the video scanner and deflection 
coir rotate, the sawtooth voltage causes the ' 
sweep to spiral outward from the center of the 
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Figure 6-7.— Generation of spiral scan. 



scope at a linear rate. On reaching the scope's 
outer edge, full deflection is achieved and the 
sweep is then cut off. 

Rotation of the scanner is at such a speed 
that you don*t see a spiral sweep» but what 
qspears to be an expanding circular sweep. 
An echo is seen on the scope as a brightening 
of the sweep^ at a distance from the scope 
cent^, and in a direction corresponding to the 
target's range and bearing. 

During the interval between the end of one 
sweep and the beginning of the next» the cursor 
is electronically produced on the scope. Because 
of the long persistency of the CRT, the target 
echo remains viiMble for a short time» allowing 
the operator to determine accurately the target's 
range and bearing. Bisectliig the echo with the 
cursor gives, the bearing of the target. By 
adjusting the length of the cursor so that its 



tip touches the echo, the target's range is deter- 
mined. 

Also located on the sonar control-indicator 
are various switches and controls. Their purpose 
is to give a better target presentation. These 
switches and controls^ together with complete 
operating procedures, are explained in the manu- 
facturer's technical manual supplied with each 
sonar system. 

Rotating Directional Transmission 

Conventional scanning sonars formerly were 
of the type Just discussed; that is, only omni- 
directional transmission was possible. Modern 
sonars have an operating feature called rotating 
directional transmission (RDT), which operates 
on a principle similar to the searchlij^t type 
of transmission, the RDT provides greater 
transmitted power than the conventional scaimlng 
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type, affording Improved sensitivity and detection 
range. 

At any Instant of RDT, the signal is the 
resultant of phased excitation of several con- 
tiguous transducer staves, resulting in a source 
level improvement that is characteristic of direc- 
tional transmission. Excitation of the transducer 
staves is caused by the output of a transmit 
scanner, which opera^s much like the video 
scanning switch of a conventional scanningsonar. 
Transmission is accomplished in a sector (up 
to 300" wide), which is centered on the bow or 
on a selected bearing, depending on the type of 
operation chosen by the operator at the control 



PASSIVE SONAR 

Passive sonar, as its name impUes, depends 
entirely on the target's noise as the sound 
source instead of the returned echoes of a trans- 
mitted signal. Target detection is achieved at 
great ranges through the use of hidily sensitive 
hydrophones. 

Although passive sonar is usually associated 
with submarines, many surface ships now have 
a passive system that utiUzes their active sonar 
transducers. During the interval between sound 
pulse transmissions, the transducer acts as a 
hydrophone, allowing the sonar operator to moni- 
tor a broader frequency spectrum than normally 
is possible. Passive reception does not Interfere 
with the reception of pulse echoes. During trans- 
mission, however, the passive feature is inter- 
rupted. 

Hydrophones 

A hydrophone is a device tised to listen for 
underwater sounds. In operation it is similar 
to the transducer of active sonar equipment 
when converting sound energy to electrical energy. 
Two general types of hydrophones may be em- 
goyed-electrostriotlve and magnetostrictive. 
Modem hydrophoneB are of the electrostrictive 
type, oonsistli^ of ceramic elements that operate 
on the plesoeleotric principle. When the elements 
are struck by a sound wave, the vibrations set 

are converted to an electrical signal, ampU- 
fled, and displayed at the operattng qonsole. 

Singfle line Hydrophone 

Knowledge of the sin^e line type of hydro- 
^lone, although it is not in general usentoday, 
will aid you in understandingf how modern hydro- 
pbones operate. 




Figure 6-8.— Operation of the RU. 



A typical early type uses themagnetostrlcti-'s 
effect for sound detection. The hydrophone, which 
is trainable through 860", is a Une type whose 
nickel tubes are arranged horizontally in a Une. 
It is divided eleotricaUy into ng^ and left halves. 

weak signals from the hydrophone are fed 
to an audio ampUfler, then to band^s filters 
that remove undesired frequencies from the 
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detected sound. A supersonic converter is used 
to increase the spectrum of detectable frequen- 
cies. 

Accurate bearing is determined by training 
the hydrophone back and forth across tbe direc- 
tion of the sound source. Outputs of the right 
and left halves of the Iqrdrcphone are fed to a 
right-left indicator (RLI). Any phase difference 
between the rig^t and left signals causes the 
meter to deflect. 

Operation of the RLI is diagramed in figure 
6-8. In part A of the illustration, the hydro- 
phone is on target. Signals in both halves (right 
and left) produce a phase difference equal to 
zero. No deflection is indicated by the nieter 
needle. In part B. the hydrophone is trained 
off the target to the rig^, and the meter needle 
is deflected in the "train left" direction. The 
meter indication informs the operator that he 
must train left to obtain a phase difference of 
zero. The hydrophone in part C is trained to 
a position left of the target. A ri^t train is 
necessary to obtain the desired bearing. 

The majority of passive sonar systems are 
equipped .with the automatic target follower (ATF) 
feature. With the ATF feature, right and left 
signals are fed back into the training system, 
causing the hydrophone to follow the tarMt 
automatically. * 

Array Sonar 

Modem sonars utiUze a hydrophone array, 
which is installed in one of two configurations. 
The conformal array is curved around the sub- 
mariners hull, with an open end aft. The circular 
array consists of a number of hydrophones 
arranged vertlcaUy in a circle and mounted 
in or under the submarine's bow. 

MODERN PASSIVE SONAR THEORY 

The theory of modtiro passive sonar consists 
of two basic steps: reception and presentation. 
Figure 6-9 is a simpUfled block diagram of an 
array type of passive sonar. The array cannot 
be trained physically. Instead, a compensator 
switch is added that, in effect, trains the system 
electronically. 

Reception 

Signals received in an array type of passive 
sonar .eystem are converted to electrical energy 
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Figure 6-9.— Block diagram of an arrayrtype 
passive sonar. 



wid then are fed to a preamplifier to be ampli- 
fied to a usable level. There is one preamplifier 
for each hydrophone in the array. The output 
from each preamplifier is connected to a slip- 
ring in the compensator switch. The sliprlng 
couples the preamplifier output to a rotor plate. 

One side of the* rotor plate consists of an 
equal number of brushes and sUprlngs, each 
brush riding on a sliprlng. On the other side 
of the rotor plate, a set of brushes is arranged 
In a scale model of the hydrophone array* 
These latter brushes couple the rotor plate 
output to the stator plate. The stator plate has 
two sets of bars inlaid on the plate, one set 
on each half of the plate. Brushes on the rotor 
facing the stator plate make contact with the 
bars as the rotor is trained, and the signals 
present on the brushes are picked off by the 
bars. Half of the brushes on the rotor plate 
are always in contact with the stator plate, 
thereby utilizing half of the array at any given 
time. The center of the stator plate, being the 
reference point, ntikes it possible to determine 
the exact bearing of the target. 

The arrangement of the hydrophones causes 
the signals to be out of phase with each other 
at the output of the preamplifiers. For the 
signals to be usable, they must be placed in 
phase with each other, hence, it is necessary 
to delay the signal. Each bar in the stator plate 
is connected to lag lines. The purpose of lag 
Unes is to delay the first received signals a 
proportional amount until the last received sig- 
nals can catch up. 

Once the. signals are in phase with each 
other, they are additive. As a result we have 
a strong signal to feed to the audio ampUfler. 
There the signal is amplified and then is fed 
to an indicator. 
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35.9 

Figure 6-.\0.— Console of an array-type passive 
sonar. 



Presentation 

The console Illustrated in figure 6-10 is 
representative of the indicators used with some 
types of array sonars. Target indications are 
presented continuously on a paper recorder 
and a CRT. They also are given audibly. The 
CRT is not located on the console itself, but 
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Figure 6-11.— Azimuth Indicator of an array-type 
passive sonar. 
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Figure 6-12.— Echo sounding equipment. 
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is a part of a separate unit— an azimuth Indi- 
cator (fig. 6-11). 

The paper recorder (on the upper portion 
of the console) plots the bearing of all noise. 
Operating In synchronization with the paper 
recorder is the CRT. It indicates the location 
of all noise-producing targets by inward deflec- 
tions of the circular sweep. An audio channel, 
provided with each azimuth indicator, permits 
listening^ (with the aid of an external speaker) 
to this continuously scanning beam. 

More detailed information on passive sonar 
systems is contained in Sonar Teohnician S 
3&2, NavPers 10132. Mso^ons^^tt!^^ 
facturer's technical manual supplied with each 
equipment. 



FATHOMETER 

Water depths can be measured in several 
ways. One method is to drop a weighted, distance^ 
marked line (lead line) to the bottom and observe 



the depth directly from tJie line. Chief dis- 
advantages of this method are that ita use is 
limited to very shallow water, and the operation 
is slow. 

The use of sound is the more common method 
of measuring water depth. A sound pulse, directed 
toward the bottom, is transmitted, and its echo 
is received. The tinie between pulse transmission 
and echo reception is measured and, based 
on the speed of sound in water, the depth is 
thereby determined. Such an echo sounding device 
is KTxowh as a sonar sounding set, called a 
fathometer. Basically the fathometer is a navi- 
gational instrument; but because it operates on 
the sonar principle, it usually is given to the 
Sonar Technician for upkeep. 

One type of fathometer used aboard ships 
and submarines is the AN/UQN-l sonar sounding 
set, shown in figure 6-12. Several models of 
the set are in use. In our discussion the AN/UQN- 
IC is representative of all the equipment modifi- 
cations. 




Figure 6-18.— Depth recording showing a steady decrease in ck^ti^ 

101 



INTRODUCTION TO SONAR 



The AN/UQN-IC fathometer employs the hot 
stylus and sensitized paper method of recording 
depths. It also has a visual scope presentation 
for shallow depths. This fathometer is a compact 
unit, capable of giving accurate readings at a 
wide range of depths— from about 5 feet to 
6000 fathoms. Three recorder ranges are pro- 
vided on the AN/UQN-IC. They are 0 to 600 
feet, 0 to 600 fathoms, and 0 to 6000 fathoms. 
The CRT ranges are 0 to 100 feet and 0 to 
100 fathoms. The equipment may be keyed man^ 
ually or automatically. (NOTE: AH depths are 
measured from the ship's keel, not the water's 
surface.) 

Two styluses are used, but they are spaced 
so that only one stylus records at a time. When 
the fathometer records, a stylus starts down 
the recorder chart simultaneously with the trans- 
mission pulse. The stylus moves at a constant 
velocity and marks the paper twice— once at 
the top of the chart when the pulse is trans- 
mitted, and again on the depth indication when 
the echo returns. A depth recording made by 
a fathometer of this type is seen in figure 6-13. 

The recording illustrated was made tram 
a ship sailing over a sea with steadily de- 
creasing depth. The first part of the trace was 
recorded on the 6000-fathom scale. Inasmuch 
as the paper moves from right to left, you 
can see in the section of the pftper shown that 
the depth decreased from 4000 to 600 fathoms. 
(Later depth information is to the ri^t of 
the paper.) When depth was about 600 fathoms, 
the scale was shifted to the 600-f&2hom setting. 
(See how shifting makes use again of the entire 
width of the paper.) Because depth decreased 
still further, the scale was shifted to the 600- 
foot setting when a depth of about 100 fathoms 
WAS recorded. 

The marking on the piaper is dowy«ward (stylus 
motion is downward) in alternate x^ows printed 
from 0 to 600 and 0 to 6000. Marking the chart 
paper in this manner allows the same paper 
to be used for all recorder settings. You must 
check which scale the equipteient is recording 
on to make sure whether ti:^ marking is in 
thousands of fathoms, himdreds of fathoms, or 
hundreds of feet. 

Be sure the range scale in use is greater 
than the water depth. Otherwise, a false depth 
indication (or no indlcatlQiO will result, depend- 
ing on the position of the souses at the time 
of echo return^ If water depth actually is 120 
feet, for instance, and you have selected the 
100-foot range scale, a drpth of 20 feet will 
be indicated. 



Other false indications are multiple echoes 
and reverberations, both of which usually are 
caused by too high a gain setting. Multiple 
echoes are the result of the transmitted pulse 
being refiected back and forth several times 
between the bottom and the ship's keel. In 
shaUow water a soUd Une may be recorded, 
making it impossible to read the depth. Both 
multiple echoes and reverberation effects can 
be reduced by decreasing the gain. 

Visual indication is supplied by ^ circular 
sweep on the face of a CRT. Transmitted pulse 
and returning echo mark the sweep trace radially. 
The vlmsl indicator, pointing to a depth of 82 
(feet or fathoms, depending on the scale setting 
is shown in figure 6-14. 

OPERATIONAL PROCEDURE 

Following is a brief discussion on normal 
operation, security operation, and shuti^ijfij pre 
cedures. Refer to figure 6-15 'vriU receding 
this description. 

' Normal Operation 

For simplicity, it may be assumed that 
there is only one normal way of operating the 




Figure 6-14.- 
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> Visual depth indlqator. 
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THROW TOON AND WAIT 30 SECONDS. 
SLIISSIX.TP^'^'^NOBYIF INSTANTANEOUS 
OPERATION MAY BE REQUIRED IMMINENTLY 



) SELECT INDICATOR OR RECORDER AND 
'PROPER DEPTH RANGE 



^ pPn6 AUTOMATIC OR SINGLE 



4\ ADJUST GAIN CONTROL TO GET 
^' A GOOD ECHO 
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CONTROL TO SUIT 
SURROUNDINGS 



USE TO MARK VERTICAL LINE ON 
RECORDER CHART FOR TIME 
IDENTIFICATION 
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Figure 6-16.— FaOnmeter control panel. 



t^ometer. Deviations may be considered as 
ejqpedtents for conserving electrical energy, time, 
pqwr, or fixr maintaining sonar security. 

1. Md^ potei^ switch to STANDBY, wait 
about 30 seconds, then throw the switch to ON. 
This prbee dut e prolongs the life of the keyer 
tolM by allowing the fllainent to heat before 
iVplyiag plate voltage. 

the rai^ switch select the proper 
raofls MOb, Oa the imBoatar the soile Is either 



100 feet or 100 fathoms. On the recorder the 
scale is 600 feet, 600 fathoms, or 6000 fathoms. 

3. Set the idng switch to AUTOMATIC. 

4. Turn the gain control clockwise until a 
suitable echo mark is obtained. 

5. Observe that both styluses attached to 
the revolving belt mark the pqwr from the 
zero line to 5 feet. 

6. Check to see that the proper range mark- 
ing is liMBcated on the h^ of the pqwr. 
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7. Depress marker button. Observe that a 
straight line Is drawn down the full length of 
the paper. This line should be straight from 
top to bottom, otherwise the stylus is out of 
a4Jtistment. 

Security Operation 

U it is not desired to place pulsed energy 
in the water periodically, the fathometer may 
be operated as for normal operation, except 
that the ping switch is triggered downward to 
SINGLE PING, then is released. The circuitry 
is arranged to pulse the first time the keying 
contacts operate after triggwing and then re- 
lease immediately. The ping switch may be held 
down as long as desired without damage. The 
result is exactly the same as if this switch 
were in the AUTOMATIC position. 

Shutdown ^ 

Put the ping switch to the OFF position. 
Throw the power switch to the OFF position 
(center). This action discoanects both sides 
of the 115-volt, 60-cyele siqf>ly from the equip- 
ment (eoccept the seryice outlet). 

ROUTINE BIAINTENANCE 

Routine maintenance as used here qyplies 
to ftmotions, besides operation, that should be 
performed 1^ the operator. When the operator 
checks out fathometer equipment before a run, 
he should be prepared (if necessarjl to make 
minor aiQustments, and replace lanqw, tubes, 
styluses, or paper. Moreover, he should be 
satisfied that the equipment will render con- 
tinuous satisfactory perlimaaanoe during the an- 
ticipated operating interval. 

The manufacturer's teohnical mftmini that 
accompanies the particular fathometer aboard 
your ship lists a step-by-stsp procedure fbr 
accomplishin g m inor aiQustaientB, replacing 
parts, and preventlye maintenance requirements. 



TAPE RECORDER 

Sonar Technicians, particularly aboard sub- 
marines, must be dUe to make recordings of 
sona r eo hoes and of other sounds detected by 
the tra n sdnce t or hydroptene* Such reoordimB' 
are ysluable aids in classiiyiag sottnds (detar-^ 
mipiag Ite nature an4/or souroe). All ships 
and sa t rnia r i nes m son^with fto necessary 



equipment to make such recordings. The most 
conunon installation is the AN/UNQ-7 recorder- 
reproducer sound set, familiarly known as a 
ti^ recorder. 

The AN/UNQ-7 tape recorder is more sophis- 
ticated than many conunercial types. It is a 
two-track recorder and reproAicer, and is 
responsive to all frequencies in the audible range. 
Both tracks may be recorded either simulta- 
neously or independently. Normally, track B is 
used to record signals directly from the sonar 
equipment. Track A is used for recording yotee 
information. 

When a recording reproduced by the equipment 
is played back, both tracks can be heard, or only 
one track, each channel having its own yolume 
control. In short, the AN/UNQ-7 acts as a com- 
bination of two separate recorders that are 
cqmble of being coiqiled to allow superimposing 
two audio infonnatlon channels upon each other. 
Figure 6-16 shows the frontpanel of the recorder. 
Later models, namely the -7B, -70, and -7D, 
are transistorized and have a somewhat different 




Figure 6-16,— Tape reoorder AN/tINQ-*7. 
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appearance, but their operating oharaoteristlcs 
are the same as the basic model* 

Originally the AN/UNQ*7had recording speeds 
of 3-3A and 7-1/2 inches per second (ips). Field 
changes permitted an additional speed of 15 ips. 
All subsequent models, beginning with the AN/ 
UNQ-7A, have the 15 ips feature built in. In 
general, the faster the recording speed, the more 
faithful is the sound reproduction. 

The standard reel is 7 inches in diameter, 
holding 1200 feet of l/4-lnch iBfe. At a re- 
cording speed of 15 ips, 1200 feet of tqpe 
will last about 15 minutes. 

OPERATING PRINCIPLES 

Magnetic tape consists finely ground iron- 
oxide particles deposited upon a plastic backing 
(tape). The particles, too small to be seen 
with the naked eye, are deposited in such a 
way that they are allowed to move oir line up 
in an orderly fashion as a result of some 
force applied to them. The force having such 
an effect on the iron-oxide particles is a mag^ 
netlc field. This magnetic field can be caused 
by a common magnet or by a temporary eleotro- 
magnetic field. It results from passing an elec- 
trical current throu^ a coil of wire. 

MAGNETIC HEADS 

A microphone, contains a magnetic device 
that is cquible of producing electrical energy 
representative of the sounds spoken into it. 
In a tape recorder, the micrp^ne-produoed 
electrical pattern causes a magnetic field to 
represent the pattern about a wire coil to nUdh 
it is fed. The ooU is wound on a core that has 
a gq) in one side* Because ttie magnetic field 
is most intense at the gap, that is irtiere the 
signal is placed on the tiqie. The narrower the 
gap, and the sharper the gap ed^, the better 
is the Uf^-fireqiaenoy response. Figure 6-17 
shows a typical msi^etio head. The magM'Hf^ 
tape passes over the head, and the electrical 
pfl^ttem is reproduoed upon the tqie hi the 
form of regular patterns of ironr^xide particles 
that line 19 hi aoooordanoe with the siyial passed 
fhroo^ the ooU. 

The recorder has thi^ heads. The devioe 
in the recorder afKrat wUch th^ magnetic field 
is produced Iqr the microphone id oalled the 
reoonfing head. Another bMd, mdled the eraee 
head, eliminates tt» magnrtic patiton from Oie 
paritdes on the t^pe. A tUrd bead is for pli^ 
iNKdt of the reu o wlBd signal and is called the 



GAP 



1 



TAPE 




CORE' 



COIL 



71.122 

Figure 6-17.— Tnidoal magnetio head. 



reproduction head. The three heads are con- 
tained in a single housing. 

Recording Head 

The recording head is composed of a highly 
permeable material, whioh means that the core 
i^easily magnetisedt and Just as easily demag- 
netisedy by a current passing throng the coil. 
Hi^ permeability is a necessity in order for 
the magnetic field to follow the fluctuations of 
the signal to be intpressed on the tq;ie. 

hi reality, the signal oannot be put <<as is'* 
directly onto the tqpe. It must be mixed with 
another si^ for strengOi and linearity, that 
is, without distortion tfarooi^iottt the signal band. 
The bias signal with wUch the original signal 
is mixed is of very frequenoy— too to 
be heard. EleotricaUy, it has unchanging, steady- 
strength oharacteristios. The a-c bias assures 
better aoeeptanoe by U» tape of the sig^ to 
bereoordedt and heipe reduce astortion of 
strong iilpials# 

Brasiilfoad 



T^pe passes from Oie erase head to the 
reconHng head, and then to the r epru duuU on 
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head (in that order). The erase head demag- 
netizes both ohannels simultaneously* It is un- 
necessary to eraee a tape individually before 
it is re-reoorded, because when a tape is being 
wed for recording, the erase head is energized 
so a new recording cannot be ruined by 
superimposing It over an older one. Thus, tapes 
having recordings that no longer are needed for 
retention can be used directly. The machine 
simply is set to record, the old tape is put on, 
and, after itpasses the erase head, it is ''cleaned" 
of the earlier recording. It next passes the 
recording head, which puts a new maanetio 
pattern on it. 

Reproduction Head 

The reproduction head, iddch is next in line, 
is similar to the recording head in construction. 
That is, it has a broken ring of permeable 
material wound with wire colls. When the re- 
corded tape passes over the gq>, the permeable 
material is affected by chaises in the trie's 
magnetic fleld« and an electric current is induced 
in the coils surrounding the ring. The induced 
signal is ampUfled and fed to phone Jacks for 
audible presentaticm. 

OPERATINQ THE EQUIPBfENT 

The top half of the tape recorder, as seen in 
flpire 6-*16, is the actual recorder and ^epro- 
*icer. The lower portion is the amplifier section, 
ft includes controls and Indicators that directly 
affect the recording and idiQfbMdc of the tapes. 

Bach recording track has a separate chann^. 
On the equipment Omy are labtfed channels A 
and B. Channel A is used tot vdce recording 
and reproduction; channel B, Ibr sonar Infarma- 
tton^Bcth channels have separate controls fbr 
recording and r e prod ucti on. The recording con- 
trols are to the left of the anqdlfler section. 
Playback owtrols are at the rigfit of the amplifier 
seofloiu 



Threading Tape 

The roU of ma^Mtlc tape to be used ftar re- 
cording purposes is placed on te left re«l-b(dd 
assembly on the npper sectkm of the r ec ord e r , 
ft is placed la soidi a way that, wben the eifaip- 
meat is In cperattoo (recndUig or reprodbeingl. 
tiie reel rotates In a ooontaMiookirtse dlrecttoni 
and tte magnetic tapa ietves the M ftomthe 



Other parts are on the upper section to guide 
the tape and to puU it throu^ the head device. 
When the tape unwinds from the left reel, it is 
threaded around the guiding assemblies, fed 
through the head assembly, around the capstan 
(which actually pulls the tape throu^, and then 
it is takeni5)bytherlghtreel. A pictorial diagram 
of the path followed by the tape from reel to reel 
is printed on the face of the head assembly. By 
adhering to the diagrtoi, you will have no diffi- 
culty threading the equipment properly. 

Recording 

After the tape is threaded, the ti^ recorder 
is energized by turning the power switch to the 
ON position. You must wait for a short warmup 
period. 

Neict, select the speed at irtdch recording is 
desired. As mentioned earlier, there is a choice 
of 3-3/4, 7-1/2, or 15 inches per second. SeleoJ 
the faster speed for critical recordings, during 
urtilch the pitch of the echo may have an Important 
part in later evaluation. A recording made at 
a higher speed can be studied more completely 
tqr reprododng it at the lower speed. (An800-ops 
tone, recorded at 7-1/2 inches per second, is 
heard at 400-cps irtien reproduced at 3-3/4 inches 
per second.) Hence, recordingB that may require 
later analysia should be made at the higher 
speed. The dict«idvantage of the recording 
speed is that ciie tape is used twice as fast as 
^rtien operating at the next slower speed. Informa- 
tion on speeds to use for recording and playback 
are contained in the technical manual suppUed 
with each Recorder.- 

Althongli the higher speed provides the highest 
quality reproduction, dlfterenoes in recordingB 
made at each speed are not detected easily. 
Only when a critical analysis of the recording 
is made does the ftister speed prove its worth 
over the slower 

The recording level is selected nod, and 
each chamiel's level mast be aiQuirtediiiaviAially. 
An ind ica t o r on fbe amidifler assembly is labeled 
record level indicator. Directly beloir it is a 
two-position tog^ switch labeled channel selec- 
tor. The potitlaorof the switch are marked A 
and B, eadi representing a channel. Set the 
tog^ switch to either channel, and observe the 
irntical ampUtode on the face of the Indicator. 
The record level oootrols, below fhe nhtm^] 
Mleetor switoh, are marised ftnr channels A and 
B. AtQask fhe level control tot On channel 
^oaeainm the stpial peaks (shown In levai 
iBdioalac) oocopy the ^Moe between Qm upper 
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and lower horiasontal lines. Next, select the 
other position on the switch and make the same 
adjustments for the other channel. The equip- 
ment is now ready to record on both channels. 

To start the recording process, an imlabeled 
button to the rig^t of the record level indicator 
is held to the left, and the tape recorder control 
(record section) is moved tq> to the No. 1 
position. A lig^t (indicator No, 1) glows as the 
equipment be|^ to record. 

The unlabeled button is called the record 
safety interlock switch. Its fimotion is to prevent 
accidental or inadvertent recording. To record, 
you must place the record switch in the No. 1 
position, and simultaneously turn the record 
safety interlock switch to the left. 

To stop recording, set the record switch to 
the neutral (middle) position. To start recording 
again, move the safety interlc»k once more to 
the left as the record switch Is returned to the 
No. 1 position. 

The other position of the record switch is 
labeled AUX (for auxiliary. This position is 
provided for use if an auxiliary recorder- 
resptoAjQer is added to the system. 

Recording u :n Remote Location 

A device that allows some control of the 
assembly from remote locations is included 
with the tape recorder. A single operating ooi^ 
trol and two indicating lunps (labeled STANDBY 
and RECORD) are on the remote control unit. 
The single operating control is a two-position 
toggle switch that parallds the record switch 
on the anqdifler section FMItmlnaty adjust- 
ments, such as tape threiu&ng and level o^oAttiL^ 
must be set before using the remote control 
unit. The standby lig^t indicates that power has 
been applied and that tape is tiireaded. B does 
not si^iify selection of the proper speed nor 
adQustment of the level ccmtrols. It does not 
lif^ when no power Is aiq^ed, when tbe tqpe 
is threaded i mi g o perly, nor wtasn the eqoipment 
is used to reproduce a previously recorded tqie. 

The positioiis of the toggle switch are STAND- 
BY and IISCC3RD, Tbs standby positton corre- 
Bltonls to Om neufral positloii of tbe reooM 
switch on tbm r s uoi ' dsi ' praper. The record 
position takM p re ued e u o e at both locations, 
meaning that If RECORD is stfeoled on Oie re* 
mote control unit, the aqnlpttent will record 
evon though Oie record switch on the equtpmeot. 
proper is in neutraU If RECORD is s«leoted 
on file instmmsttt proper, bat STANDBY is set 
on the remote control unit, flue s<| uipm eu t wtn 



record again. Thus, a tape being reproduced on 
the recorder proper can be ruined (by the 
automatic erasure process during recording if 
the switch at the remote control u?it is set to 
the record positionduringplaybacc. Consequently, 
the switch on the remote control udt riust never 
be moved from the standby posiiion unless the 
standby light is glowing. 

When the machine is recording, tue IlfiCORD 
lig^t on the remote control unit glows. When 
qq;iroximately 5 minutes of recording time re- 
mains on the t^>e, the RECORD lanq> il98hes 
to warn that the end of the reel is approaching. 
If the recorder outs out (this feature is auto- 
matio when the tape reel is exhausted), the 
RECORD Uglit goes out. When the tape recorder 
returns to a standby condition, the STANDBY 
light glows again. 

Reproducing 

To play a recording, thread the tape, turn 
on the power switch, allow for warmiqi, and 
choose the tape speed. 

Next, place the REPRODUCE switch in the 
No. 1 position (it has the same positions as the 
RECORD switch). This setting actuates tape 
motion, and both channels are reproduced simul- 
taneously. 

Finally, adjust the reproduce level controls 
for both channels to the desired aatpat at each 
of the headphones used) or the loudspeaker. 

To stop the playback, simply return the 
reproduce switch to the neutral (middle) position. 
This stoppage may occur at win thro^iout the 
run of the reel. The equipment returns to the 
standby condition whenever the neutral position 
is selected. As in the re^^ording mode, the ti^ 
motion stops automatically idien the end of tbe 
reel ii resofaedn 

Remeniber that the switch on the remote 
control unit must not be set to record during 
the reprodLaotion nxide of operation^ OCberwise, 
tbe recordBng Will be ruined. 

OTHER USES 

Thtt t^e recorder allows stnnfltaneous re- 
oordlng^ and teprodocing of sound*. By fids 
mekss, ymt can moaOor what is beii« recorded 
as it is recorded. Steps to set ttie i>i|irtrmfmt 
to fids mode of operation are inolndad in the 
aqp lp ment instration book, TAfthnt#mi m^^i 
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A switch on the upper section of the Instrument 
allows rapid rewind and fast forward operation. 
Instructicms and procedures for using the switch^ 
as well as those for erasing and splicing the 
tape, are also included in the instruction book. 



i^ARIABLE DEPTH SONAR 

Thermal layers, as you know, reflect or 
refract the sonar beam, making it dilficult to 
detect and maintain contact on a submarine 
operating below the layer. To overcome this 
deteotl(m problem, the variable depth sonar 
(VDS) was developed. 

Modifications were made to existing sonars 
to permit them to transmit and receive signals 
through a transducer contained in a towed vehicle. 
Two current VDS systems are the AN/SQA-10, 
used in conjunction with the AN/SQ3-29 and -30 

f^^iSt' ^ ^ AN/SQA-11, used with the 
AN/SQS-28 sonar set. 

Mo<iiflcation8 included the addition of a VDS 
transiait scanner, receiver scanner, a-f ampli- 
fier, and a relay--Junction box. The shipboard 



sonar can use either its huU-mounted or its 
towed transducer, or it can transmit on one and 
receive on the other. Either transducer may 
transmit an RDT beam. Received signals are 
presented in the normal manner at the master 
consoles* 

Figure 6-18 shows the VDS transducer ready 
for lowering. The transducer may be towed at 
almost any speed and at depths to several hundred 
feet. To stow the towed veMcle, the boom is 
rotated so it &ces forward and the transducer 
is lowered onto a deck cradle where it is 
securely fastened down. 



SONOBUOYS 

The sonobuoy is an expendable device dropped 
from an aircrioft into the sea. It detects under- 
water sounds or echoes (depending on the type 
of unit) and transmits the detected information 
to the aircraft by means of a self-contained 
radio transmitter* Some surface ships are also 
equipped to receive the transmitted information. 
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SoQobupys are used prtmarily by ASW units, 
but they also are employed In harbor defense 
installatioDs. The three methods of detecting 
underwater targets are echo rai^ng, directional 
listening, and nondirectional listening. 

The echo ranging ^pe of sonobuoy uses a 
miniature transducer for transmitting sound 
pulses and receiving echoes. Operating depth 
is down to 200 feet. Received echoes are trans*- 
mitted to the aircraft or ship in the form of 
range information only. 



The directional type of sonobuoy provides 
bearing information on . detected underwater 
sounds* The submerged unit rotates at a slow 
rate. Sounds detected by the hydrophone are 
anqdlfled and frequency-modulated for radio 
transmission. The transmitting frequency is 
determined by the heading of a magnetic com-- 
pass at th6 instant of sound reception. 

The nondirectional type provides only detec- 
tion information. Range and bearing of the sound 
source are unknown. 



CHAPTER 7 

BASIC FIRE CONTROL 

1 



Althou^ the overall objective of all Sonar 
Technicians is to aid in destroying enemy sub- 
marines, the manner In which the task is accom- 
plished varlerwith the individual branch of the 
rating* The shipboard Sonar Technician, for 
example, tries to maintain continuous contact 
throu^ echo ranging sonar and aggressively 
enters the submarine/ship duel, using every 
available means to hold contact. The submariner 
has a tendency to sneak iq> on the target, gather- 
ing attack information from the noises produced 
by the target itself, perhaps making one sonar 
transmission Just before firing. In each instance, 
the ultimate goal of the antisubmarine uifit is 
destruction of the enemy submarine. 

The system hy which information is collected 
and translated into weiq[xm firing data (including 
positioning of trainable weq)on launchers) is 
caUed fire control. 



UNDERWATER FIRE CONTROL 

Fire control is defined as the technique by 
which weapons are directed to a selected target. 
It consists of the material, personnel, methods, 
co namu nications, and organigatlon necessary to 
dortrpy the enemy. Underwater fire control 
inchides all of the foregoing compcments, with 
the added difficulty that the selected target is 
a submarine, capable of moving In three dimen- 
sions— In range. bearii«, and depth. 

WEAPONS 

3<«ne of the antisubmarine weapons controlled 
by underwater fire control eq ulpunmt and used by 
ships and siibmariaes against enenqr submarines 
a re des cribed in the foptcs that foUow. The 
ase nrolon also points up some of the prdbtems 
that m ost be o v ercums by the underwater fire 
eootnd system toreallieesinoess^NdtaUwenons 
are disoossed becanss ct the nature of fbetr 
classifiostlon* % 



Shipboard Antisubmarine Weapons 

Aboard ship, several kinds of antisubmarine 
weapons are available. The principal one is the 
homing torpedo. Others include depth charges, 
hedgehogs, and rocket-propelled ordnance. 

Figure 7-1 shows a Mk 32 torpedo tube 
mount used for launching homing torpedoes of 
the Bfk 43, BIk 44, and Mk 46 types. The usual 
destroyer installation has one triple-tube mount 
on each side of the ship. 

Homing torpedoes are of two types— active and 
passive. The active type transmits sound pulses 
and homes on the echoes reflected firom the target. 
The passive type is guided to the target by noise 
emanating from the target itself. 

Early antisubmarine torpedoes had two serious 
drawbacks. First the endurance or active period 
was relatively short— a matter of minutes. The 
second concerned their speed capability. Com- 
pared with speeds of many modem submarines, 
the homing torpedo was slow and could be 
outrun by a submarine. These drawbacks have 
been eliminated for the most part in modem 
Ui^speed torpedoes. The newer torpedo also 
is quite sumeuverable, in contrast to the sub- 
martne , and has a tlg^iter turning circle. Except 
*OT attempting to delude the torpedo with a 
decoy-type device, one of the best defenses 
t he^ sub marine skipper can provide against a 
modem antisubmarine torpedo is to call for 
all available power in an effort to clear the 
pea at maximnm speed. Modem torpedoes, 
hu wevei' , norma lly are faster than the submarine. 
I^raooh as the primary misston of an A/S 
escort reaaeH Is to prevent the submarine tram 
making an attack, causing the submarine to 
evade a torpedo and run from the area would 
•cccmiplish the escort's mission. 

When coddoottng an antlsabcnarine tor pedo 
attack , the OOp must maneuver into a favorable 
InooUag posttlan. A tyi^cal homing torpedo runs 
in helUml patterns while seddiy a sulmiarlne. 
Once coatset with the submarine is acUevedt 



Fifl^ 7-1.— Torpedo tube Blk 32. 



the torpedo steers toward the target. If contact 
is lost, tbe torpedo searches for a short time 
toUiegBneral direction In wUoh It is runnings 
then resumes a helical search pattern if oootaet 

ISLZ^?"^- have a passive 

otftmuy in ooqliinctlon with their active feature 
which enables them to detect a sdmarine Oiat 
Ut bqrond their active acoustic range. 

depth charge ourrently la use Is the 
5««ffl5P-*haped tjrpe, and Is elfl»r Infloence- 
wnated or faydroetatloally detooated. These 
dqiUi Charges are lanaotod from racks on the 
^p's faataU. A direct Ut Is tmaeoessary tor 
* kin* hut to be etBso tl ve the explosion must be 

Ste oIOMi to tbe solimanas. For Oils reaaoo, 
ith ohargas are lanaotod la patterns comrliv 
Oe sotaaarlae's posltiaB tad On area lato wuS 
he maj maneuver, b gaural, itoaa be said Oat 

because of their alow staddag rate, defA eharBBS 
«r«iiott^ 

AlOm^ dqiOi tfiargss are belflg ptend out of 
qp»f at lOB, a aay reeerve dB sttujera , aawellaa 

S^aSSt 

B wlg rt iugli are inqwlae pi ' up e i led dkargea. 
m onler to eqpiods, tbtif anst come la ooataet 
with a a ahmar t a e . Tlmf maOtf are fired la a 
cto wdar pu ttera. Two geoeral ^pea of hste- 
bog aHoata are ta opanMmal use. On Is fbad 
*^ ^S*!^ *^ ^ 9nBk wbieh Oe 

are fired) fltat can be tilled totnow 



ter last-mlnnte changes In the relative positions 
of the ship and the submarine. The other type, 
the trainable mount, can be rotated to tbe firlns 
bearing. When a fiiU pattern Is fired from elthn 
moont, the charges fall into the water In a 
large circular pattern. Tilting the spigots causes 
a Astortion In Oe pattern, however, so that It 
Is advantageous to fire with zero tUt set on the 
spigots. In tte trainable mount, pattern ifistortlai 
does not occur becanae the mtlre mount Is 
mined to the correct bearing at the time of 
firing 

fMp fcoard anUsolmiarlne roohsts are of 
sev^ operational tjpes. Hie earliest one, 
ItfMled Weapon A stin la In operatlooal uae. ft 
ki» * majdmnm range of nearly 1000 yards, 
ontfalna several hnndred pounds of esqdoeive, 
•ad Is detonated by a mapiellc lafhnnce flae 

AaoCher afa^iioard roelBet device Is flie aatl- 
sobmarlne rocdset, better known aa ASROC. dis- 
cussed In daqiiler 2. 

Mbmarlae Aalfanbmarlae Weapona 
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they are not considered effective as antisub- 
. marine weapons. These torpedoes are used chief- 
ly against surface targets at fairly short ranges. 
They are noisy and thus are detected easily 
but are diffioult to counter because of their 
hi^ speed. 

Acoustio homing torpedoes available to sub- 
marines have features for homing passively, 
actively, or a combination of the two. 

Wire-guided torpedoes are a variation of 
the acoustic homing torpedo. They are guided 
to the target submarine's vicinity by signals 
sent over the wire by the launching submarine. 
After the target Is acquired by the tonmlo, 
it homes on the target without farther guidance 
from the launching submarine. 

The submarine also has a rocket-propelled 
weapon* containing a nuclear warhead, called 
SUBROC, irtdch was described in chapter 2. 

DETECTION-TO-DESTRUCTION PHASES 

Theoretically, the fire control problem begins 
when a target is detected and ends with its 
destmctiom In practioe/ Oxmi^ the fire control 
problem starts well after initial detection. It 
commences after the initial classification and 
when target tracidng is ordered. 

Like aU other fire cdStnA systems (anti- 
airoraft, surfaoe-to-surfne, and the like), Che 
antisubmarine fire oontn^ system solves the 
problem in the following stages: (1) tracking 
the targ^ (2) analysing target motion; and (3) 
computing ballistic solutioa. 

Detecting a submarine ie no etmy matter. 
Meiaer is it a simple task» once m submarine 
contact is estabUehed, to carry out Oe succes- 
give pimses m en tio oBd bwe* Alfltong^firecoatrol 
systems are cqpsbte of perfonnlngcoinplioaied 
tMks, SQoh as pnatdUag fltfnre positions, sub- 
marine hnxUng to sifltfect to erruTH caused bv 
Iwman jwfgmeia , Training in proper operation 
<rf tbB eqpi^pment fat ma i rtmnm A8<y eUb cUve nsss 
is a most toot Sonar Tlai^Bilotsns* 

Beosnse flke snne aqp^mient often to used fa 
detecting n sabmttfos as in tmoU]« if, dstection 
to oonridsred as n phase, even tihovq^ in Oie 
etrlelest sense itmaynotbenpartcf fiie prd>lenu 

tMeoOon Phase 

A mimmrtm may be detected in se i eiai wiqfs, 
the flmi positive bang vismd a0iat^ tt Om 
to to dhn^ c l as sineaOm to 
evidsafi, flkere to no q Mesthm tfNMC ae posteve 
nature dr Ite otttat^ Onee Mdh a tfisMlficaflan 



is establishe^'J, the next phase (tracklne) can be 
initiated. 

Detection also can be made by radar. If a 
radar contact suddenly disappears, there is a 
good chance that the echo was the return from 
a surfaced submarine and that the disaupearance 
was caused by diving. If sonar conU. ^ also is 
held, it can be assumed the contact it> a sub- 
marine. Most surface-search radars can receive 
a radar indication firom a periscope. Hence, it 
is possible to track a submarine that is operating 
completely submerged except for ite periscope. 
The radar method goes hand-in-hand with visual 
detection, because radar frequently provides the 
first indication, directing eyes to the location 
of the periscope, snorkel, sail, or hull of the 
submarine. 

The sonar equipment aboard your ship or 
submarine is designed to detect and track the 
submarine, and feed computing devices with 
tactical data to achieve the destruction phase 
of the problem. 

Tracking Phase 

After detection, the contact must be tracked. 
Aboard a submarine, a graiAic display of target 
bearings is made during tUs irihase. From infor- 
mation ftmdsbed by this cfisplay, target motion 
is established* Normally^ the submarine uses 
only passive sonar for tracking, because active 
sonar may Osclose the presence and even the 
location of the tracker. 

Clipboard Sonar Technicians track the target 
with active sonar, depewBng largely iqxm the 
strei«th and quality of tlie echo of the trans- 
mftted pulse for target information. Antisub- 
marine ships have fire control systems that 
incorporate automatic tracking fieatures. Once 
the omtact is established fimdy, the automatic 
devices keqi fie sonar on the target, and com- 
pote file couree to be steered so that the ship 
win arrive at the best firing position for the 
weapons selected for use. 

Basically, establidanent of relative rates of 
target mottan to afi that is desired from the 
trsddng phase of the prbblenu The tmddng 
phase seta up flte pattern fdr fiie next phase- 
target motion analysis. K is fnxn the relative 
rates that actual target motion is determined. 

Target Motion Analysis Phase 

Ite target motion ana^r^ phase toadbmaadc 
problem beoanne boOi flte attacdd]« unit nd fin 
taryat usualty are in moliott cdofinnossly, and an 
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related factors change copstantly. As a result of 
the target motion analysis i^iase, we can establish 
the true motion components of the target (course 
and speecQ, There are several ways of arriving 
at a course and speed solution. A discussion of 
the methods follows. 

The target's true course and speed can be 
established on the dead-reckoning tracer PRT) 
plot maintained in CIC by Radarmen from infor- 
mation siq)plied by the sonar operators over 
Bound-powered telq)hone circuits. The DRT uU- 
Uses own sUp^s course vxl speed iiqntts tocause 
a limited *'bug'» to follow own ship movements. 
Sonar target ranges and true bearings are plotted 
from the bug, thus establisUi^ the submarine's 
position. Course and speed are then determined 
by the plotter. The ORT plot is used by the CIC 
ofBcer to aid him in conning the ship when CIC 
has control of the attack, and to supply search 
arcs to the sonar operators whenever contact 
is lost. 

A man e u vering board may also be used to 
determine contact course and speed* but this 
method is not so rapid nor so accurate as the 
DRT. The direction and Ostance of ccmtact 
movement are transferred to a vector represent- 
ing own ship's course and speed, thus establishing 
the target's course and speed vector. Another 
drawback to the maneuvering board method of 
plotting is that the target*8 plotted track shows 
only apparent movement (relative motira). 

Target fame course and speed also can be 
read from male on the attack director (cfiscassed 
later). 

On surface sUps tiie underwater fire cc»trol 
syste ms usually have to canpote a borisontal 
sonar range tnm the m e asu red slant range and 
estimated ticrget degai information. This computa- 
tion is necessary because the fire control system 
solves to target course and qieed in tba hort- 
n^alpiane on tbe surface in wUch own sUp 
o perates . Slant raqge is tr ans mi tted to the attack 
Areolor from Qm sonar console, DqiQi is set 
manmlly into Che (Brector. 

The attacking srfmuarins nmy use dUfereot 
methods to dstermlne true dfareotion of target 
motion. One method Is by iSreot ubsei vaU on» 
whsn possibte, of Oe angles on the bow. Aa^ 
on file bow was dtseossed in (A^ler 8, 

Ballistic Sdntion Phase 

R is Ofllettft to ai^ when one phase dt 
noMng a fire oottbrol prdbiem ends and anoOer 
begins. Om phase wMSfy onrhfB anoter; 
often tt^ ere cwmi e au Ite atart of the 



ballistic solution phase» for example, praoti- 
caUy coincides with that of the tracking phase. 
An antiaircraft fire control system presently 
in use provides a solution in only 2 seconds, 
once the target is acquired by radar. Yet, during 
that time, tbe target is tracked* its motion is 
analyzed, and tbe ballistic solution is computed. 
Most underwater fire control systems, however, 
take longer to develop a solution. The reason 
is that certain inaccuracies in target informa- 
tion are provided by underwater sound. Addi- 
tionally, range limitations of the weapons require 
the attacking unit to be at a definite point to 
launch nontrainable weapons, and within a specific 
area to fire ite trainabte weiqwns. 

After determining the target's course, speed, 
And dqrfh, two items must be considered in order 
to complete the problem. One is how to close the 
target. The other is whsn to fire. 

To close the target, the course to steer for 
the o ptimu m firing point must be known. In the 
fire control problem the course to steer is indi- 
cated as a correction to own course. Own ship's 
presTOt course must be changed by the amount 
of correction necessary to intercept the target. 
The best intercept course is a collision course, 
which means the target is closing <m a constant 
bearing. Conqiutii^ course correction is an auto* 
matic process in underwater fireccmtrolsystems. 

The second consideration— whoi to fire— is a 
decision reached from a compilation of many 
items. If you use two different types of weapons 
in the same attack, one of them to be fired ahead 
and the other to be dropped astern, it stands to 
reason that the ahead-thrown weapon must be 
fired first. What Oie problem develops into is a 
calculation of two time periods: the time of 
erosion and the time to fire. The problem is 
solved by computing the time of eoqptoslon after 
the initial classification of the target, then sub- 
tra rttng ( 1) dead fiske (bow long it takes, after 
tbe command to fire, to actually fire tbe weapon), 

(2) time of ffi^ (tbe time required, after 
firing, for the weqxms to strike tbe water), and 

(3) sinidng time (lengfh of time tot the weapon, 
after sCrIkb« Oe water, to remA ttm depth of 
the target. When these subtractions are made, 
you have the time to fire. The values subtracted 
^»ye been caloulated from testing wetipons and 
ttook previoua eqjierlenoe* 

Assmne that, after delectlag a target, explo- 
elon flme irf S. minutes is caloidated. If 
iM^Km nsed has a dead time of 5 seconds, a 
ttm ct ftl^ of 7 seooods, and a sbddM time 
of Id seconds, ftan a total of 3D seconds 
(6<f>7^18 9fc30)ls aubtraoled from te 3 
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mlimteB to the time of egqilosion, leaving 2-1/2 
mlmites as the time to fire the weapon after 
the deoision to fire is reached. Bear in mind 
that time to fire and time of e]q>Iosion are 
individual items. Although the weapon will be 
fired In 2-1/2 minutes, it wiU explode in 3 
minutes. 

Destruction Phase 

OestrucUon of the target is the ultimate goal 
o f the submarine hunter. During this phase the 
computed ballistic solution is used so that the 
ordnance may effectively be fired <m the target. 
Although the surface shlp*s primary A/S weapon 
is the homing torpedo, the methods of submarine 
destruction by surface ships are many and varied, 
bcluded are ramming, direct hits with hedgehom, 
huU-nqitaring near-misses with depth charges 
a nd de pth bombs, and damage of less serious 
nature that forces the submarine to the surface 
where it can be finished off with gunfire. Anti- 
w^aarlne submarines, of course, use their A/S 
torpedoes on their submarine tazf^. Jn short, 
the destructive phase includes action on the part 
of the attacddngunlt that leads to a Mll-directlv 
or IndBrectly. 

FUNDAMENTAL PROBLEM 

The fimdamental problem of fire control is to 
*lWwtoe on the selected target. A direct hit 
JVw*'«5pJ»ed with sonie WBiq?ens, A dq^ 
for exanqde, can cause the destraotloii of a stdi- 
vaarim if flw charge explodes close enoadi to it. 
AU fttadB are made witii the intention of hitting 
th e tagjBt, but with snne weqx»8, a near-miss 

is good "*MMg|l, 

Srtf ing the fimdamental problem is no easy 
matter. TT^ OfBeo^ is due to sash factors as 
tu^rt qieed, m an e u v e r s, range and speed of flie 
WB^OBj all of which pUsy Impurtant rotes in 
deIiv«rl0B fire on the sstoded target. The sohi- 
°y *» fl» problem vsries gresay with given 
sitnaHoBS. A Aadc hnttsr, ftir eaammle, '*lesds^ 
Om <taic along flke path of fli|^ ff Oefannter 
almsd direetly at ttm OaA is lie fired, the riiot 
wmld pass through fte srea at wldo!i he aimed; 
but, beosnse tbt dodc is onvIaiL it no lomnr 
WMddbsst Chat spot wtett teal^^ 
CMM^Mfly, the tenter mafeM taesfimateof Oie 
Imra pasHleii of ttm dsdt, aim §at that sooL 
AiTJ^ ff He ssttmsted oorrMil^ 
bom file shot and die dsok wm strivs sti^Sfc. 
MQtti^it fte pradiofad msiiioB. Tteflmcomm 

ptotiiem is i^ttllif to dMA hnM«r*s problem 
tetottsmnehtidrsBrsosls. 
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REFERENCE PL/INES 

Assume that a gun, rigidly fixed to a ship's 
deck, fires wfaUe the deck Is level, and its 
projectile hits the target. The same gun. If fired 
at a time other than when the deck Is level, 
will miss the target. If the gun is free to train 
(rotate) and elevate, however, compensation can 
be made for the ship*s roll and pitch. The gun 
then will remain reasonably steady, thus im- 
proving the chances of hitting the target, regard- 
less of the ship's motion. A fire ccmtrol system, 
in coqjuncticm with a stable element, attempts 
to make the necessary a4}ustments to keep the 
wei^on steady. 

Deviations from the level attitude are meas- 
ured by a gyromechanism (the stable element), 
transmits to a computer in the fire control 
system signals that indicate varlatlcm of the 
position of the deck with respect to the horisontal. 

Based on signals from the stable element, 
the fire control system computes values of 
train and elevation for the weapons Unmchers 
to compensate for deviation from the level 
attitude. The various attitudes are measured 
with reference to flat, two-dimensional surfaces 
caUed planes. (See fig. 7-2.) An underwater 
fire control system computes solutions in the 
horiscmtal, deck, and vertical planes. 

Horizontal Plane 

A horizontal plane is tangent to the surface 
of the earth. Visualize this coodltion laying 
A playing card on an orai«e. The oardrepresents 
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Pljpire 7-2.— Reference planes. 
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the horizontal plane, the orange symbolizes the 
earth, and the point of contact between the two 
is the point of tangency. Every plane parallel 
to the horizontal plane is likewise a horizontal 
plane. 

Deck Plane 

The deck plane represents the level of the 
ship's gun mounts. (References to guns include 
similar weapons systems.) When the ship is 
level, the horizontal and deck planes coincide, 
but when the ship rolls and pitches^ the deck 
plane deviates from the horizontal. The stable 
element measures the amount of angular devia-* 
tion and transmits the information to the fire 
control system. The fire control computer com- 
pensates for deck tilt by computing a solution 
in the horizontal plane, then makes train and 
elevation corrections. What the system does, 
in effect, is bring the deck plane back to the 
horizontal. 

Vertical Plane 

A vertical plane is perpendicular to the horl- 
TOntal plane, and is the reference from ^ch 
bearings are measured. Relative bearing, for 
example, is measured in the horizontal i^ane 
clockwise from the vertical plane tfarougli own 
ship's centerline to the vertical plane throuoh 
the Une of sight. ^ 

The system of planes makes possible the 
design and construction of mechanical and dec-- 
frOTic eqpiipment to solve the fire control problem. 
Tlieae lines and planes are imaginary extensions 
of some characteristic of the ship or target, 
or of the relation in space between them. 

FIRE CONTROL NOlfENCLATURE 

Fire control nomenolatore provides a brief 
an d accurate means of expressing quantities that 
<>°»y toe yottl d require extended descriptions. 

Two systems off eiqnressing fire ccmtrol quan- 
tities presently are effective. The older of the two 
ssrstems remains in use becattse some of tba 
earlier fire control eq uipme nt, saoh as the Mk lOS. 
sttll is in service, ^th Oe appearance of new 
^^®«Pon8, Oie o ld system was found to be Inade-* 
JMte for eiqnressing the fire omtrol quantities 
for such ordnance as missiles. All new weapons 
systems (sooh as ASROC), thereftirep use the 
new lire eontrol mmmiclatore. 

The enOre acmenclature is too lengthy and 
Miled for Inelimloii in tue text» but brief 
6>9ianattoii8 of the fi^ oysteras are prorided 
M that yod may better understand Qm meaning 



and purpose of the fire control quantities and 
their symbols. 

A compilation of the nomenclature used in the 
older antisubmarine fire control systems may be 
found in ordnance pubUcatlon OD 3447 and in 
Sonar Technician G 3 fc 2. 

Old System 

The older system of fire control nomenclature 
is made up of capital letters that represent basic 
quantities, and lowercase letters, numerals, the 
Greek delta and the prime mark (0, used as 
modifiers to expand the meaning or ftmction of 
the basic quantify. The capital letter C, for 
«ample, is the basic quantity for true course. 
Own ship is represented by the lowercase letter 
o; and the target is identified by the letter t. By 
adding the modifier to the basic quantify, own 
ship's course becomes Co, iind target course is 
Ct. 

Further oqMuision of the appUcatioii of the 
basic quantity Is provided by adding more than 
one modifier, and placing them both before and 
after the basic quantity. Thus, B (for bearing) 
can be modified first to become Br (relative 
bearing), further to cBr (generated relative 
bearing), and finaUy to ucBr (increments of 
generated relative bearing^. 

The prime modifier (») signifies that the 
quantity is measured with respect to the deck 
plane of the sUp. Because guns and directors 
are fastened to the deck of a ship, Br can be 
measured only at the instant the deck is hori- 
zontal. Actual values of (firector train (angles 
measured in Oie deck plane are an indication of 
train, not bearing, in the laz^guage of fire control) 
consequently include aprime mark, signifyingthat 
the quantity is measured with respect to the deck 
^ane. As a result, B'r is director train and 
represents the angle measured from the vertical 
plane through the fore-and-aft axis of own sUp 
to the vertical plane throng the line of sight 
in the deck plane clockwise firom the bow of 
own ship. 

The Greek delta (A) alsoisusedasa modifier. 
It is placed before the quantity it moOfies, and 
signifies a change in that quantity during some 
specific time. It is an Increment of a quantity. 

New System 

Ordnance pamphlet OP 1700 has estabUshed 
and standardized the nomenclature used In de- 
scribing fire control problems and their solu- 
tions for the control ofgnns, underwater weapons. 
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aild missiles. Volume 1 contains the nomenclature 
for the quantities applicable to solutions of the 
gun fire control problem. Volume 2 covers the 
nomenclature for underwater related quantities. 
Volume 3 has the standard nomenclature for 
missile relltted quantities. 

The plan of the OP 1700 system follows 
the general pattern of the previous system, with 
modification to permit introduction of new quan- 
tities. It has greater flexibiUty-and wider appli- 
cation to advanced fire control problems. 

In some instances^ quantities in the new 
system have different symbols than they do in 
the old system. True target bearing, for example, 
uses the capital letter B in the old system, but 
in the new system it is symbolized as By. Target 
course in the old system is represented by Ct, 
whereas in the new system the modifying letter 
t is omitted. 

The geometrical quantities used in naval fire 
control are those quantities involved in the 
mathematical solution of the general fire control 
problem. Hence, the geomatrical quantities foil 
into certain main classes of quantities. Each of 
the main classes of quantities is represented by 
a class name. In each class, other geometrical 
quantitiesy besides the basic quantity, are ex- 
pressed by applying modifiers to the basic 
quanti fy, as in the old system. The modifiers 
express the way in iriiioh the quantify is meas- 
ured. 

To illustrate, a class of quantities for ex- 
pressing present target positi<m is linear distance 
between own ship and the target. This class of 
quantities is called rat^ges. The basic geometrical 
quantify in tUs class is the linear distance between 
own ship and the target, measured along the line 
of sii^. It is ejqiressed the capital letter R. 
Another quantify in this class is the linear distance 
between own ship and the target^ measured in 
the deck jdane. TUs qptantify is symbolised by 
Implying the modifier d (meaidng measured in the 
deck plane) to the basic range quantifyR, forming 
quantify lUL 

The nomenclature assigned to rep r e se nt the 
basto geometrical quantify in each class, and 
the letters and numerals used as modtflers are 
listed (as^ mentioned previonslj^ in the three 
volumes of OP 1700. Extracts of Volume 2 of 
OP 1700 (underwater fire control nomenclature) 
are contained in Sonar Technician G 8& 2^ 

SONAR POSITION QUANTTIIBS 

When a target echo is received by a sonar 
transducer^ Om target actually is not at the 



positicm indicated on the sonarscope, but at 
some other location. This difference in target 
positions is due to curvature of the sound beam 
and to target movenient during echo return time. 

The determination of actual target position 
requires the applicaticm of corrections to the 
sonar measurements. These corrections, which 
are computed in the underwater fire control 
system, consist of two position quantities: 
apparent target position and past target position. 
(Target course and speed also are considered 
in the problem.) Sonar position quantities are 
illustrated in figure 7-3. The quantities are 
expressed in the new fire control nomenclature* 

Two class quantities, range (R) and bearing 
(B), are shown, together with the modifiers 
necessary to express the approp r i ate measure- 
ment. Quantities related to BppBxeiA target posi- 
tion are represented by the lowercase letter a; 
those related to past target position use the 
letter p. The modifier h means the measurement 
is in the horisontal plane; the modifier v refers 
to the vertical plane. 

Apparent Target Position 

Apparent target position is the point from 
ixdiich the sonar echo appears to come. It differs 
from present target position because of refrac- 
tion of the sound beam, and because of target 
travel during the time required for the echo to 
retm m to own ship. The dotted lines in figure 7-3 
represent apparent position measurements. The 
quantify Ba is apparent target relative bearing, 
and Rha is sfPparetA target range measured in 
the horisontal plane. 

Past Target Pdsitim 

Past target position is the location of the 
target vdien struck by the sound beam. In other 
words, it is the positicm from wblch the smar 
echo actually comes. Past target position (flffers 
from ^iparent target position because of refrac- 
tion of the sound beam. It (fiffers frcmi pr e sent 
target position because of target movement during 
the time it takes the sound pulse to return to 
own ship. 

Present Target Position 

Present target positicm is where fbe target 
aotuaUy is located when the sonar eoho reaches 
own ship, a i e pieseuts the distance traveled 
Iqr the target daring the time it takes Oie sound 
pulse to return to own ship Cram ttm target* 
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As shown In figure the targ0t*s 



Target (Rv)^;a^ 

comhlnei M to v pr^^ s^)tv^ targ^ (R). 

NAVIQA^ltoN^ ::.vl:~: ! : , 

Two V siiiii^^^ sakrokn^^ a unit to 

solve the^im^^ 
sUp' -melMim 
transmite' 

wldGd^vinafe attrak;; W ships operate 

in this m4n^ be , 



made ^whoQ a DASH attack. Parallax 

is the apparent ; dijsfplaqement of an object when 
seeh&om two^(^ 

li^ used to express 

^^eaf diqpl^ the computing ship 

ant3!l:tlu( asisisting ship reference points is called 
h',^ iigattonai pi^ Vn), and is 

^ ixK^asured along the navigational parallax base- 

tmiB^^ correottons to a basic quantity, 
id account for displacement^ are symbolized 
by .lowercase letters pn» and precede or follow 
the basic quantity, which is enclosed in paren- 
theisesV To iiiustrate: Relative target bearing 
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from the assist ship, as determined by the com- 
puting ship, is expressed B + pn(B) « (B)pn, whex^e 
B equals relative target bearing from the com- 
puting ship, pn(B) is the correction to be made 
to account for displacement between the two 
ships, and (B)pn equals relative target bearing 
from the assist ship after correction is made 
for displacement between the computing ship 
and the assisting ship. 

Another type of parallax correction is Pdo, 
which accounts for displacement of the weapon 
laimcher from the reference point (the sonar 
transducer), measured in the deck plane alone 
own ship's centerline. 



EQUIPMENT 

An underwater fire control system usually 
is designed to operate with a particular weapon 
system, although efforts are made to make the 



system compatible with future weapons. One 
modern fire control system may be used with 
several weapon types. Regardless of the system, 
it serves only one purpose: the destruction of 
enemy submarines. 

After target position is determined the basic 
problem for the system is to predict future 
target position, calculate the required attack 
course and firing time, and transmit the data 
to weapons and control stations. 

Because most underwater fire control systems 
are of a classified nature, they cannot be included 
in this text. Certain concepts are discussed, 
however, to give you some basic knowledge of 
how a fire control system operates. 

BASIC COMPUTING MECHANISMS 

The purpose of the computer in a fire control 
system is to solve the problem of delivering a 
weapon on the target. Available information is 
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Figure 7-4.— Bevel gear differential. 
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fed Into the oomputer. U the Information Is 
sufflolent and oorrect, the oomputer tells how 
to get to firing position and when to fire. The 
electromechanioal oomputer solves the problem 
by means of a mazeof interoonneotingmachinery. 
Taken as a whole, the computer is complex and 
difficult to comprehend. Basically, however, the 
components are simple machines consisting of 
geurs, levers, cams, springs, etc., that perform 
mathematioal ftinotions more rapidly than man 
could possibly do. 



Mechanical Computing Devices 

Of the many devloea for computing fire 
control data^ the easiest ones to .understand 
are mechanical devices that perform basic mathe- 
matical operations. 

Solving the trigonometric Amotions of a rigjit 
teiangle is an important mathematioal operation 
because fire control computations are based on 
the right triangle. Three of the six natural 
ftmotions of an angle in trigonometry enter into 
the fire control problem. They are the sine, 
cosine, and^ tangent. The remaining functions- 
secant, coseoant, and cotangent— seldom are used. 
Other mathematioal computations performed by 
mechanical computing instruments include alge- 
braic ftmotions, simple addition, subtraction, and 
multipUoation. 

Mechanical computing devices depend on 
Rotary and linear motion in solving problems. 
When an electrical signal is received by a 
synobromotor^ for instance, . the motor turns 
a shaft, providing an output 'of rotary motion. 
This motion is then transmitted idong various 
shafts and through gear trains to some other 
point in the computer. As long as the path of 
motion is along shafts and gears, the motion 
is rotary. If the rotary motion is used as an 
input to a coniponidnt such as a lever multiplier 
er lever differential, the rotary motion is con- 
verted to linear motion. Linear motion is trans*- 
mitted by piuhrods and links, and may be 
reconverted to rotary motion. - 

Figure 7-4 shows the parts of a bevel gear 
differential which combines two inputs into a 
single output that is either the sum or the differ- 
ence of the iiq[mt8. Around the center of the 
mechanism are four bevel gears meshed together . 
Bevel gears on either side are called end gears; 
those above and below are called spider gears. 
The spider gears mesh with the end gears to 
perform the actual addition or subtraction. They 



follow the rotation of the two end gears, turning 
the sjdder shaft a number of revolutions propor- 
tional to the sum or difference of the revolutions 
of the end gears. 

Assume that the left side of the differential 
is rotated while the right side is held fast. The 
moving end gear drives the spider gears, making 
them rotate on the stationary end gear. This 
motion rotates the spider in the same direction 
as the input and turns the output shaft a number 
of revolutions proportional to the input. If the 
rig^t side is rotated irtiile the left side is held 
stationary, the same result occurs. When the 
two inputs rotate in the same direction, the 
differential adds; when they rotate in opposite 
directi<»is, the differential subtracts. The output 
of a gear differential equals half the sum or 
differenoe of the inputs. 

Another type of differential is the lever 
differential, shown In figure 7-5. This device 
performs the same functions as the gear dif- 
ferential—it adds and subtracts, and the output 
is proportional to the inputs— but the motion 
used in accomplishing the Job is linear. The 
upper left drawing in figure 7-5 shows the 
lever differential receiving equal inputs. If both 
inputs push upward one-fourth inch, the output 
shaft also moves upward the same distance. 
The drawing In the lower left shows unequal 
inputs, and the triangle on the rl^ represents 
ttie values entered on the lower left drawing. 
(When comparing the drawings, remember that 
none of the Joints are anchored. The entire 
assembly Is capable of moving.) In the lower 
left drawing, consider input A to be zero and 
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Figpire 7-5.— Lever differential. 
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Figure 7-6.— Screw multlpUer. 



input B to have a value of 4. If B moves ahead 
a value of 4 and input A remains stationary, 
then the output value C . is 2. , If input A were 
-1, and input B were +4, then output C would 
be +1-1/2. Fo3c the type of lever differential 
shown in figure 7-5 the output equals half the 
algebraic sum of the inputs. 

A mechanical multiplier commonly used is 
the screw type, shown in figure 7-6. It takes two 
constantly changing input values, and produces 
a single output that is the product of the two 
inputs. If the input to the screws (point A) is 
weapon time of fllg^, for example, and the 
input to the rack (point B) is range rate, then 
the output (point C) is predicted range. 

A cam is a deWoe that produces a mechanical 
output that has a nonlinear relation to its input. 
Cams usually convert a rotary motion into a 
linear output. Figure 7*7 shows a flat cam mount^ 
on a rotating shaft. A cam follower rides on the 
outer edge of the cam, converting the rotary motibn 
of the input to a linear ou^t. 

Other nieohanioal cbnipullng devices used in 
fire control ; systems include such mechanisms 
as integrators and component solvers. Integrators 
solve problems pertaiidng to time an^ 
having two inputs and 6i» output. One input may 
be elapsing time, for instance, and the othw 
input range rate, /nie btiti^ 
will be total change of range at imy^nstan 
time. 

A coxnponent solver provides solutions to 
problems involvihg movement in relation to the 
target. The solviw has' two Inputs (usually from 




71.105 

Figure 7-7.— Flat cam and cam follower. 



differentials) and two outputs. When solving for 
own ship movement, for example, the inputs may 
be own ship speed and target relative bearing. 
The outputs are own ship's horizontal motion 
along and across the line of sight. 

Mechanical Noncomputing Devices 

In all types of computing instruments, certain 
values or quantities must be limited Insofar as 
they pertain to minimum and maximum values. 
Some computing components must have a limit 
stop to protect them from too large or too small 
an input value. Limit stops are mechanical safety 
devices that prevent shafts from rotating farther 
than they should. Friction drives, overrides, and 
overdrives also are used to protect components. 

A mechanical stop is shown in figure 7-8. 
Notice that rotation in the type illustrated is 
limited to about 90^ Rotation is halted when 
tte shafts come in contact with the fixed block 
at the top of the device. 

A firlction drive absorbs the shock that other- 
wise could damage a computing component. If 
a motor overruns enough for the output to hit 
a limit stop, or a handcrank is turned with too 
much force, or the line driven by the crank hits 
a limit stop and the crank still turns, the 
£riotion drive slips and eases the strain on the 
mechanism. 

A hunting tooth limit stop keeps values within 
specified computation limits. It has two gears. 
One is connected to the input shaft, and the 
other functions when the hunting tooth engages 
as a result of the quantities set on the iiQ>ut 
gear.^; , • ■ ■ . ..■ . 

An override allows a computing mechanism 
to accept larger quantities than the design speci- 
fies; The override permits acceptance of only 
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Figure 7'-8.— Mechanical stop. 



the maximum safe quantity limit, however. In 
other words. It allows the ftill value to be used 
by some components, but still protects others 
from accepting unsafe values. 

Electromechanical Devices 

Electromechanical devices combine two dif- 
ferent types of actionr-electrloal and mechanical. 
These devices, such as the magnetic brake and 
magnetic clutch, have wide usage and appllca-* 
tlon In fire control computing components. 

The magnetic brake can stop and bold a 
shaft at a given value when certain conditions 
are met. The magnetic brake is used to prevent 
a line of gearing from turning. When the current 
is off, no magnetic action takes place. In figure 
7-9, an esxploded view of a magnetic brake, 
notice that the spring washer holds the cap awajf 
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Figure 7-9.— Magnetic brake— ejq?loded view. 



from the electromagnet, thus allovdng the shaft 
to turn freely. When the current Is turned on, 
the electromagnet exerts a force great enough 
to overcome the effect of the spring washer 
and pulls the cap tight against the electromagnet, 
thereby locking the shaft in place. 

An electromagnetic dutch Is used to engage 
and disengage a line of gearing. An exploded 
view of a magnetic clutch is shown In figure 
7-10. When current Is fed to the electromagnet, 
the friction plate assembly and cap assembly 
are In contact with each other, and the output 
line transmits input rotation. When current to 
the electromagnet Is cut ofi, the friction plate 
assembly and cap assembly separate by spring 
action, losing contact with each other. The 
output line does not rotate or transmit any Input 
to the clutch when these components are separated. 
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Figure 7-10.— Magnetic clutch-exploded view. 
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Figure 7-11.— Electrical resolver— sohematio 
symbol. 



Another device that should be oonsidered 
here, although it is an electrical assembly— not 
electromechanical— is the electrical resolver. 
The resolver is a computing device, and functions 
much like a transformer. It iscapable of separat- 
ing an electrical input vector into two right 
angle components. The resolver has a stator 
and a rotor, each part consisting of two separate 
coils wound at ri|^t angles to each other. Volt- 
ages induced on the stator coils by excitation 
of the rotor coils depend upon the displacement 
of the rotor with respect to the electrical zero 
reference axis of the resolver. In solving for 
a single vector, only one of the stator coils 
is connected electrically and represented on a 
schematic. Figure 7-11 shows the schematic 
symbol of an electrical resolver. 
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Flgixte 7-12.— Identifying symbols and their abbreviations. 
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When the resolver is zeroed eleotrioally, 
the rotor coll clamped to the stator coll Is 
called the cosine coll. The other rotor coll, 
at right angles to It, Is called the sine coll. 
As the rotor rotates from 0* to 360% the voltage 
Induced across the cosine coll fbUows the cosine 
function of the excitation volti«e. Similarly, the 
voltage induced across the sine coil follows the 
sine function of the excitation voltage. 

Schematic Identification of System 
Components 

In the nudntenance publications for fire control 
systems, the devices described in this section 
are identified by standardized symbols. The 
identi^ng symbols and their abbreviations for 
system components are reproduced in figure 
7-12. Usage of some of the conponent symbols 
to a sectional diagram may be seen in figure 
7-18. 

UNDERWATER FIRE CONTROL SYSTEMS 

A modem fire control system, as mentioned 
earlier, is tailored to the requirements of a 
particular weapon system. Aboard submarines, 
the weapon is the torpedo. Aboard ships, the 
weapon etystem usuaUy consists of several types, 
such as A/S torpedoes, DASH, hedgehogs, and 
depth charges. Despite the type of fire control 
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Figure 7-13.— Use of symbols in a sectional 
diagram. 



POSITION 
KEEPER 



RELATIVE 
TARGET 
MOTION 



ANALYZER 



TARGET 
SPEED 



BEARING 



DEPTH 



RANGE 



SONAR 
EQUIPMENT 



TARGET 
COURSE 



BALLISTIC 
COMPUTER 



TIME TO FIRE 



RANGE 



FIRING 
PANEL 



FIRE 



WEAPQAI CQMTPn, 



I 



{BEARING ORDER, TILT ORDER, ETcT 
• ROLL 



WEAPONS 



(TORPEDOES, 
HEO6EH0GS,WEAP0N A, 
DEPTH CHARGES) 



STABILiZATION 
COMPUTER 


^ LEVEL 
^CROSS LEVEL 


STABLE 
ELEMENT 






B* . 


• • • 





■8'r 



51^01 



Fijpure 7-14.— 'Typical underwater fire control system. 
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system used, each one has the same purpose— to 
direct fire to the target. 

Shipboard System 

A shipboard underwater fire control system 
(representative of the Mk 105) is illustrated in 
figure 7-14. The system performs the following 
functions: 



1. Integrates associated fire control equip- 
ment with own ship components. 

2. Computes sonar and weapon stabilization 
data, analyzes target motion, and provides a 
solution to the ASW fire control problem. 

3^ Provides ballistic control data for stern- 
dropped depth charges, hedgehogs (both fixed 
and trainable), A/S homing torpedoes, and train- 
able rockets (weapon A). 

Target location information is supplied by the 
sonar to the ballistic computer (such as the Mk 5 
attack director). The same information is fur- 
nished to the position keeper, which uses the data 
to track (dead reckon) the target. Target track 
information is fed to the analyzer, which computes 
target course and speed. 

Target motion data from the analyzer, and 
target location information £rom the sonar, are 
combined in the ballistic computer, whose output 
is weapon control orders. To compensate for roll 
and pitch motion of the ship, the stabilization 
computer provides correction orders to the sonar 
and to the weapon mounts. 

If sonar contact is lost, the position keeper 
continues to provide target track information. 
As long as the target does not change course or 
spee^. during lost contact tlme^ the resulting 
weapon control orders will be valid. 

The latest shipboard underwater fire control 
system is the Mk 114, which was designed for 
use with ASROC. The system also can be used 
with fixed and trainable hedgehog ^ projoctors, 
DASH, and the Mk 43, -Mk 44, and Mk46A/S 
homing torpedoes. 

The Mk 53 attack console is the data pro- 
cessing center for the system. It receives tai^get 
position information from donar or railar ^d 
combines it with own ship and ballistic dita to 
produce weapon orders. Aided tracking and posi- 
tjpn keeping are also funbtions of the . attack" 
eonsole. 



Submarine System 

Torpedo fire control on the surface is rela- 
tively simple. When the submarine is submerged, 
however firing torpedoes at a surface target 
becomes complicated. When the target is another 
submerged submarine, the fire control problem 
is even more complicated. The equipment used 
to solve the submariner's fire control problem 
is the torpedo data computer (TDC). It is illus- 
trated in figure 7-15. 

The TDC consists of three sections— position 
keeper, receiver, and angle solver. Target infor- 
mation from sonar (usually passive) is fed to 
the receiver section, along with own course and 
speed. Sonar bearing and target course and 
speed are manually set into the position keeper. 
The position keeper serves the same function 
as its counterpart in the Mk 105 shipboard 
system. The output of the position keeper is 
sent to the angle solver section of the TDC, 
which continuously computes the correct gyro 
angle for the type of torpedo used. The TDC 
then transmits this information to gyro angle 
indicator regulators located in the forward and 
after torpedo rooms. The indicator regulators 
automatically set the torpedo gyros to the ordered 
position. If computed target information is cor- 
rect, the torpedo, after being fired, will come 
to the course set by the gyro angle indicator 
regulator and proceed to hit the target. 

FIRE CONTROL SYSTEM TESTS 

Certain transmission, computing, and rate 
tests must be performed in order to ascertain 
that the fire control solution is correct, and 
that values are received correctly at remote 
stations. Also, firequent operation of a system 
exercises servosystems, power drives, andcom- 
puting networks, thereby bringing attention to 
any existing trouble. 

Transmission Tests 

Transmission tests are held to check the 
accuracy of automatically controlled devices at 
remote stations, and to check their response 
to changing signals: When running these tests, 
^the first ^stop is to establish voice communica- 
^tions between stations. Next, the man at the 
^/transmitting station must read the exact output 
.^aliie of the quantify being checked. In turn, the 
man at the receiving station must adjust the 
rebeiver to correspond to the reading firom the 
transmitting station. 
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Figure 7-15.— Torpedo data computer Mk 4. 



Computiiig Tests 

As sonar tracks a movliig target, constantly 
.changing Inputs are fed to the computer. In- 
stantaneous values of these inputs are used by 
the comijuter to solve ballistic computati<^sf 
and to predict future target positions. The com- 
puter's solution is therefore based on an infinite 
number of static (still) problems. As relative 



motion rates are integrated with time to generate 
computer changes in target position, the problem 
becomes dynamic. To test the computer's accu- 
racy, consequently, both static and dynamic 
tests are rtm. 

• Static tests: Static tests check the overaU 
operation of the computing system in a stand- 
still condition. In this type of test, appropriate 
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test values arn inserted manually, and the problem 
is stopped at a fixed point. Input test quantities 
are thus of a constant value and produce fixed 
answers, which do not change with time. These 
fixed answers indicate whether the static portion 
of the hxe control equipment is performing 
properly. 

• Dynamic tests: Dynamic tests are run to 
check the computer's generation of bearing and 
range for specified time intervals against a 
mathematical solution whose answer contains 
correct amounts of change in quantities for like 
conditions. During the test, fixed values are 



assigned to relative motion rates by manually 
setting inputs to the relative motion group. The 
time system of the computer is then moved, 
either manually or by the time motor, an amount 
equal to the test interval. Readings are then 
taken to ensure correctness of the solution. 

Rate Tests 

Rate control tests check the functioning of 
the rate control system. Mechanisms of this 
system correct values, such as target angle 
and target speed, so that computer target motion 
rates agree with actual rates of the target. In 
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Figure 7-16.— Tactical range recorder. 
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other words, this test determines the time re- 
quired for the computer to arrive at correct 
relative motion rates. Time required must be 
smaU, but smoothne-^s of tracking must also be 
considered. The rate control system Is a com- 
promise between these two factors. 

Rate control tests consist of tracking a 
hypothetical motionless target with the computer 
set for a selected sensitivity of rate error 
detection. Sensitivity Is controUed by the time 
constant Input to the rate control system. Initially 
a large error is Introduced and the time motor 
Is started. Time required to reduce the error 
by a preselected percentage Is timed by a stop- 
watch. This stopwatch reading is a measure of 
the actual time constant or sensitivity of the 
system. It Is compared against the theoretical 
value for the test. 

TACTICAL RANGE RECORDER 

The tactical range recorder (TRR) shown In 
figure 7-16 Is among the oldest underwater fire 
control Instruments In the Navy. In the event 
?l * casualty to the primary fire control system, 
the TRR Is a fairly reliable auxiliary means of 
directing depth charge and hedgehog attacks. The 
Introduction of newer fire control systems and 
such weapons as ASROC, however has resulted 
In a deemphasis on using the TRR as an aid in 
firing weapons. The TRR still is a useful aid, 
though, for classifying sonar contacts as sub- 
marine or nonsubmarlne, and for deterxnlnlng 
target motion. Because of the broad scope bf the 
subject of classification, only a brief discussion 
of the TRR is given here. More detailed Informa- 
Mon on the use of the TRR is contained in Sraiar 
Teohnldftn Q afc a, nP 10131. 

Range Rate 

The traces on the recorder paper show target 
range versus time. From the traces you can 
determine range rate and target aspect. Range 
rate is the relative speed at which your ship is 
closing the target. -Target' aspect is the target's 
heading in relation to your ship. . 

The recorder paper moves downward at a 
constant rate, representing time. The stylus is 
synohronlzed^th the sound pulse transmissions," 
and moves acfbss the paper from left to right,. 
When a target echo is received, the stylus bums 
a trace on the paper that represents^ tai*et 
range, as iUustrated in figure 7-17. . * 

To determine range rate, turn the plotter 
bar until the parallel lines on the plotter bar 
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Figure 7-17.- TRR target traces. 

extension match ^the slope of the traces, then 
read the speed on the range rate scale. When 
measuri^ range rate, use only the latest 200 
yards of traces, that is, only those traces 
nearest the top of the paper. Refbr to figure 

Because range rate is a clue to target aspect, 
which gives an indication of the target's heading 
you may wonder about the rellabiUty of range 
rate. For the greatest accuracy in determining 
range rate, you must know your ship's speed, 
and the ship must be headed at the target. 
Meeting these two conditions is not always 
possible, consequently you must have some other 
means of detennining aspect. 
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Figure 7-18.— Determining range rate. 



INTRODUCTION TO SONAR 



You learned in chapter 3 how to determine 
aspect from doppler effect. When you can also 
observe an echo indication at the same time 
you hear it» you can learn more about the target 
than you can from audio responses alone. A more 
reliable method of determining targ^et aspect 
than that based on range rate alone is to compare 
the recorder traces with the doppler effect. 
Naturally, this method takes some practice and 
requires a knowledge of how the traces appear 
for different target aspects. 

Doppler and Recorder^ Traces 

Doppler and recorder traces work together 
in serving as a check on each other. That is 
why it is essential to use your eyes and ears 
simultaneously. When operating the recorder, 
look at the traces and listen to the doppler. If 
you hear no doppler, you have either a beam 
trace or one from a motionless target. (Dc^er 
is a function of target motion. If a submarine 
is dead in the water^ there is no doppler indica- 
tion, but the traces will record the target in its 
prc^r aspect. Thus, traces for a stem-on 
target, which is dead in the water, are recorded 
as steru'-on, but instead of having doppler down, 
you will have no doppler.) 

For purposes of this text, assume that the 
target is in motion. This assumption allows 
aimple comparison of doppl^ and recorder 




51.29(71) 

Figure 7-19.— Beam aspect traces. 



traces. Thus, doppler up means a bow or direct- 
bow target; doppler down means a quarter or 
stem-on target. 

Individual Echoes 

Suppose a pulse of sound hits a submarine 
that is beam-on to the sound signal. All parts 
of the outgoing pulse strike the submarine at 
approximately the same time. All parts of the 
pulse are thus reflected and started on their 
return Joumey simultaneously. In figure 7-19 
you can see that parts 1, 2, 3, and 4 start back 
together. These echoes hit the transducer simul- 
taneously, and when the returning echo reaches 
the receiver, it is transformed into a short, dark 
line on the recorder paper. A beam trace is the 
same length as a recorded pulse length. 

The beam trace has no doppler, but it has a 
definite ''smack'* as you hear it. It sounds short 
and sharp, and it appears on the paper very much 
as it sounds. Both edges of the trace are sharp 
and distinct, and the entire trace is solid and well 
defined. Because it is easy to recognize, it is the 
simplest of the recorder traces. Study figure 7-19 
until you can recognize the trace easily. 

Consider the quarter aspect target in figure 
7-20. The stem of the submarine is nearer than 
the bow, so that portion of the transmitted pulse 
marked 1 hits the submarine first and starts back 
first. It is followed by the portion marked 2, and 
so on. 
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Figure 7-20.— Quarter aspect traces. 
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Figure 7-21.— Dlreot stem traces. 

As you pan see, part 1 returns to the trans- 
ducer sooner than part 4, hence the echo Is 
recorded as a long trace. Because the trace Is 
drawn out, It Is not as clear as a beam trace, 
pe ends are not clearly deflnedi At long range 
471*!?°®, "**y but you can distinguish 

it by the low doppler that aocoiiq>anies it. ^ 

H you have a sterh-on target, the trace is 
similar to a quarter trace. (See fig. 7-21.) On 
a stem target, however, some of the echo re- 
turns from the wake, some from the stern, some 
from the conning tower, and some possibly from 
the bow. This characterisUc tends to make the 
echo even longer than the quarter target. It is 
not as soUd as the quarter trace, but is ouite 
long. ^ 

Stem traces also are irregular, and they 
may vary in shape and length from echo to echo. 
If the target is moving, doppler is down and the 
left edge of the frace maybe particularly irreBr;Jaf 
because of the wake. 

The bow target traces, shown in figure 7-22 
are longer than beam traces. The portion of the 
sound pulse that hits the bow returns ahead of 
the part that hits the stem. The resulting echo 
is lengthened. Doppler from a moving bow aspect 
target is up. . 

If the submarine is coming directly toni^d 
your sound pulse, the frace is dfrect-bow, as it 
aroears in figure 7-23. Again, the trace is' long, 
because the echoes are returning at different 
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Figure 7-22.— Bow aspect fraces. 



ranges from various parts of the submarine. 
The fraces may be very weak until you are at 
short range, when they begin to appear more 
clearly. Because of the wake effect, direct-bow 
fraces are fairly irregular, especially at the 
right edge. But the wake is not as prominent as 
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Figure 7-23.— Direct bow aspect traces. 
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in stern traces, inasmuch as it is farther away 
than the submarine itself; doppler is high. 

One of the best ways to identify a TRR trace 
is to decide whether it is a beam trace. Normally, 
a good look at the trace is all that is necessary to 
resolve this question, but you should also listen 
for doppler. If doppler is low, the target aspect 
is either quarter or stern-on. If high, the target 
is either bow or direct-bow. Remember, though, 
that doppler depends on motion as well as aspect 
of the target. ' 

Sonar echoes also are returned from other 
submerged objects besides submarines. Usually 
nonsubmarine traces are recognized easily* 
Echoes returned from a wake, for examplCi 
ordinarily are not accompanied by doppler, the 
traces are quite long, and the entire series of 
ti*aces consists of irregular waves. 

Stationary targets, such as nonmobile counter- 
measures (a bubble is an example) are very 
sharp and regular In the series of traces, but 
there is no doppler, and the range rate equals 
own ship's speed. 

INTERPRETING DIAL READINGS 

Sonar Technicians must be able to interpret, 
and sometimes interpolate, sonar and fire control 
equipment dial settings. Information to be read 
from these dials includes such values as range, 
range rate, target course and speed, and many 
other fire control values. Normally, two types of 
dials are used. They are disc dials andring dials. 

A disc dial is simply a flat, circular plate 
secured to a shaft, and inscribed with values of 
the function it serves. A ring dial is circular- 
shaped also, but has a hollow center to permit 
placing a disc dial within it. An example of the 
use of these dials is shown in figure 7-24. 

The top dial group displays target informa- 
tion. The bottom dial group shows own ship data. 
The counters between the two dial groups show 
horizontal sonar range. The dial to the left of the 
range counters indicates horizontal range rate. 

Target Dial Group 

Two concentric dials make up the target dial 
group. They are a ring outer dial and a disc inner 
dial. Both dials are graduated in 5^ increm'ents and 
are numbered at 10^ intervals. Target angle (144^ 
is read on the inner dial against the fiieed index at 
the bottom of the dials. Target course (072^ is 
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Figure 7-24.— Own ship and target dial groi^. 



read on the outer dial against the zero graduation 
of the inner dial. 

Own Ship Dial Group 

The own ship dial group consists of an inner 
disc dial, an inner ring dial, and an outer ring 
dial. The two inner dials are graduated in 5^ 
increments and are numbered at 10^ intervals. 
The outer dial has only a diamond marker and 
the words COURSE ORDER inscribed. The inner 
disc dial shows relative sonar bearing (002^ 
against a fibced index at the top of the dials. The 
inner ring dial shows own ship^s course (032^ 
against the zero graduation of the inner disc 
dial. Course order (039^ is read on the inner 
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ring dial against the diaxnohd index on the outer 
ring dial, > 

Range Dials 

The counters between the target and own ship 
dial groups show generated horizontal sonar 
range (870 yards). The dial to the left of the 
range counters indicates range rate (2 knots), 
which is the rate in knots at which horizontal 
range is changing, 

The dials Just discussed are only a few of 
the many that you must be able to interpret. 



Of particular importance is the ability to inter- 
polate (to ''read between the Unes*') and to note 
direction of change of the dial readings. 

Our discussion of the fire control problem, 
and of the equipment used to solve the problem, 
was necessarily restricted to fundamentals. Com- 
puter mschanisms, fire control nomenclature, 
antisubmarine weapons,' and recorder traces were 
only briefly covered, serving to acquaint you with 
the problems involved in making attacks on enemy 
submarines. You need to study many technical 
manuals, and ottier training courses, to fiilly 
comprehend the duties of a Sonar Technician. 




CHAPTER 8 

COMMUNICATIONS 



Tbe main essential of communication between 
two persons Is that the language they use must be 
understandable to both. Not only must one perscm 
be able to esqpress himself clearly, but the other 
man must be ableto aomprebendvdiatis communi- 
oated. 

Realizing that many problems are encountered 
la oommimioationSt the Navy has adopted certain 
standard methods and practices to minimize 
errors and misunderstandings in message trans- 
mittal and reception. Many of these standard 
procedures are used by other allied services. 
They are invaluable in conducting Joint inter- 
niatlonal operations. The phonetio alphabet has 
been adopted hy all allied forces for combined 
operations. 

In this chapter you will become acquainted 
with some of the internal and external oonmiuni- 
cation systems used aboard ship. Additionally, 
you will learn correct operating procedures for 
radiotelephone and underwater telephone com- 
munications. Because the phoneHo alphabet and 
sound-powered telephone procedures are covered 
in Basic Military Reouirements ^ NavFers 10064, 
they are not included in this text, 

INTERNAL COMMUNICATIONS 

Most men in the Navy, regardless of rate, 
are familiar with internal commimioations, Sonar 
TeohnioianSt especially, have occasion to use 
several typeis of systems available for trans- 
mitting Qonar Information, It is almost impossible 
to conduct attacks on enemy submarines or ships 
witibout some method of internal conmiunioatictts. 
On a destroyer, sonar control may be located 
below deokSt on the bridge level, or in some 
other section <rf the ship (depending on the type 
and class of ship). Because it is remote from 
the bridge^ some moans of commjmication must 
be established betweejuthe-'l^dge and sonar 
i:^jQaitrol,-This^qp^^ is accomplished by uti^ 
lizing one or mate of the internal oommimibaA 
tilon systems. Shipboard circuits include MC 



(loudspeakers) circuits, sound-powered phones* 
and automatic devices. These devices arereniote 
indicators, and are used to transmit bearings, 
ranges, course ord>3rs, fibbing orders, and other 
data. 

When sonar contact is made, the bridge 
usually is informed over an MC system. By 
this method, all staticms concerned are alerted* 
and sound«powered phones are then manned to 
eliininate excessive noise levels caused by the 
constant use of loudspeakers. The ASW officer 
is directed to make the attack. His course 
orders to the bridge are relayed by automatic 
electromechanical devices to direct the helmsman 
in maneuvering the ship to the firing position. 
As the ship reaches the firing point* signals or 
verbal instructions to fiire must be transmitted 
to the wesqpons stations for firing weapons at 
the correct time, 

SOUND-POWERED PHONES 

The shipboard voice conmiunioation system 
used most extensively is the sound-powered 
telephone (S/P) network. It consisto of primary 
battle ciixmite JA to JZ, with auxiliary and 
supplemental circuits for use if a primary 
circuit is damaged. The degree to which these 
circuite are manned varies. Few circuits are 
used under normal peacetime cruising condi- 
tions. During general quarters, when all battle 
stations are manned, all circuite mi^ be used. 

Of primary concern to the Sonar Technician 
are the JA, JP, and JS circuito. The JA, the 
captain's battle circuit, is used for transmitting 
orders to key. control stations and exchanging 
'vital information with those stations, Weq[x>ns 
control information ii passed over the 8JP 
circuit. The other S/P circuit you will probably 
man is the 61 JS, It normally is used as a 
one-^ay system to provide contact range and 
bearing^ and other data to UB plot* CIC» and the 
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bridge. The US circuit is the main antisubmarine 
attack team control circuitltconnects the bridge, 
GIG, and sonar c<mtrolt and is used primarilyfor 
conning orders when sonar or GIG has control of 
an attack. Normally, the USismannedbycfCicers 
in charge of the various stations. 

Circuit discipline must be maintained at all 
times when you are wearing phones. Personal 
conversations withfriendsonthesamecirouitmay 
cause a delay in the transmission of vital Informa- 
tion, resulting in a delayed or missed attack. With 
the high speeds of modem submarines, such a 
delay could result in the loss of your ship or the 
ship you are trying to protect. 

MG SYSTEMS 

Although sound^^powered phones are the most 
common means of internal communications, there 
are other melhods, one of vrtiich is the MC (shii^ 
board announcing) system. The MC system is an 
electronic speaker-^pe system, similar to an 
oftice-to-oCfioe intercommunication system, and 
is designed to provide amplified voice communi- 
cation. 

Sonar and GIG underway watohstations usually 
are not fully mannedunder normal cruising condi- 
tions aboard ASW ships. When a sonar contact is 
gained, the 29MG (sonar control and information) 
is used to alert GIG, UB plot, and the bridge. 
Contact Information (swdi as ranges, bearings, 
and dqipler reports) is passed over this circuit 
(a one-way system) until the contact is classified 
as . nonstibmiarlne or unttl ASW stations can be 
fiiUy manned. Submarines utilize the 27MC (sonar 
and radar control) systenu 

Another oommunicaticm hystom found aboard 
most ships and suhmiarlnes ]^ the 21MC (captain's 
iconmiand system), it is a two-^ay system, with 
each intercommOEdcal^ ci^aUe of balJUihg 
either 10 or 20 stieitionB, depending <m the^^pe of 
ship in which it' b instaUed. the essential 
components: are a reproduoer, amplifier^ and 
controls necessary, for operation* The reprbducer 
acts as a mioroiAone in the balling unit and as 
a loudspeaker in the unit balled. AmpUfibation 
takes place in : the callitqc unit. The Qontrpls 
consist of the talk, switch, pushbutton:^ 
busy Ug^t,oaUUc^, yxdiune arid 
and a nilcrciaionie or handset Jao^^ i; ; 

of the cftation deisired; U the statioii lis busyi the 

red BUSY Ug^t wiU flash; 

not flash, depress thS' TALK liiidtoh and 



direcUy into the speaker grill. Release the TALK 
switoh to listen. When your conversatl<m is com- 
pleted, depress the release button at the far left 
end of the row of station buttons to remove your 
intercom unit from the circuit. When you are 
called, the CALL lig^t illuminates. It is unneces- 
sary to depress the button of the station calling; 
merely use the TALK switch asdescribedherein. 

Despite ite many advantages, when the MC 
system is used the noise level is increased 
greatly. This condition occurs because of its 
speaker-type output and the fact that it picks 
up background noise from the transmitting station. 
Because of the high noise level generated by 
operating the 21MC;, it should be used only when 
absolutely necessary. 

REMOTE INDICATORS 

The fastest means of communicatinginforma- 
tion is to transfer it electrically. Through the use 
of electromechanical and electronic repeaters, 
sonar information is displayed at remote loca- 
tions aboard ships and submarines without delay. 

One type of display, an electronic azimuth- 
range Indicator, shows bearing and range of a 
contact on a cathode ray tube. It duplicates audio 
and video infbrmatton present at the sonar 
opieratpr's console. . 

Another type of remote indicator displays 
sonar Mormatloin .electronieoha^ Contact 
range and bearing are shown by Counters similar 
to anautomotalle's mileage indicator. There is also 
an electromechanicid order transmitter, in this 
unit, a moylng pointer (indipattng firing bearing) 
is niatohed by the operator at a we4K)ns station. 
Another moving pointer (indicating course to steer 
during an attack (is matohed on the bridge the 
helmsman. 

As yoii can see, electrical/electronic repeaters 
reduce the time required to transmit information, 
eliminate noise-producing transmissions, and 
reduce the volume of traffic over S/P phone 
circuits. 



EXTERNAL COMMUNICATIONS 

-During antisubmarine operations (and, for that 
matter, all operations), if is imperative that 
bommiinications between ASW unite, such as ships 
and; idroraft, be conducted smoothly and effil- 
olently, andf^ of confusion^ insofar as practic- 
able; A* faulty microphone switch of a sounds 
powered phone, frequently ciittll^ out (a common 
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failure), can preveot yltal Information from 
getting ttiroui^ just as efteotively as if it were 
not reported at all. 

Poorly trained or Inattentive operators oan 
oauae oonfuaion, delay, and mistakes, and may 
even create a dangerous situation* 

RADIOTELEPHONE 

Radiotelephone (R/T), oommonly called voice 
radio, is a respid means of exohangiDg information 
between ships, aircraft, and submarines* Voice 
radio usually is amplitude-modulated* A con- 
timious^ave r adio&equenoy carrier has an audio 
sipial impressed tqxm it, valuing its amplitude 
in accordance with the midio variations* A hiandset 
or a carbon nadcroidume is used to key the trans- 
mitter* 

Although vDioe radio is a fast means of com- 
munication, speed without accuracy is more than 
wortfaless--it can be dangerous* When ships are 
operating together at hi^ speeds and in olose 
formation, a mistake or a delay in communica- 
tions can cause a collisioiu 

In antisubmarine operations, voice radio is 
used to exdhange ccmtaot jmd tactical information 
between the CICs and bridges of the ships 
participating in the qperation* The captidn or the 
GOD mans tbe brid^ radio circui^ used pri- 
marily to exchange taotical h^onnatiOQ* The 
GIG officer and the Radarmen handle the combat 
information (CI) net to exchange contact informal- 
tion between CICs* Contact informatibn between 
CIC's is evaluated hy the CIC evaluator and 
pertinent infoxtnatioh is relayed to the captain 
and COD on fbe bridge Iqr use of sound-powered 
phones* 

Because radiotelephone procedures aroused 
with the underwater telephone, and beoause Sonar 
Technicians may be assigned CIC watches during 
normal cruising conditions, it is necessary for 
you to be fandliar with proper radiotel^hone 
procedures* 

RADIOTELEPHONE PROCEDURES 

Whenever you use a radiotete^opel your 
speech must be clear and slow* Speif fEe^elasage 
\^ natural phrases-^ in stilted, wordrby4vord 
fashion* Use a normal tone; diViH shout*. P^ 
nounoe each word <de«]4y> and ^tinotly, pausing 
at intervals* Think aboitt>^hat you 'are .gmg to 
say, then say it* Keep the>message as brl^ as 
possible* ; * \ ) 



Heading 

The basic format of a military message 
consists of the heading, text, and ending* The 
message form is in plaindress, abbreviated 
plaindress, or codress* Codress is an encrypted 
message, with which a Sonar Technician normally 
is not ccmoemed* Plaindress is used for radio- 
telegriq[Ai and teletype communications, as well 
as for radiotelephone administrative messages* 
A plaindress message usually has a complex 
heading, consisting of call, transmission instruc- 
tions, precedence, date»time groiiqp, address, and 
other elements* The type of radioteleiAone mes- 
sage you will use most, however, is the abbre- 
viated plaindress. In which the heading Includes 
only the station called and the statlcm calling* 
In some instances, after conmiunications are 
established, the heading contains only the station 
calling* An example of a typical heluling is: 
FARMERBOT— THIS IS ISLAND QUEEN* 

Text 

The text of the message is the basic thou^^t 
or idea 'the originator wishes to communicate* 
It follows the heading, and is separated from 
it Iqr the word BREAK* Quite often radiotele- 
phone messages, particularly those of a tactical 
nature, are coddd* There are several reasons 
for coding messages* The first is obvious: so 
that ttie enemy will nbt know your intentions* 
If, for instance, you were ordered in ptoin 
language to conunenoe a scmar listening sweep, 
and the message was intercepted by an enemy 
submarine, he could rig for silent running to 
reduce his noise ou^t to a minimum, making 
your Job all the more difficult* If the message 
is sent in code, however, chances of interpreta- 
tion the enemy are reduced even though he 
should intercept it* Another purpose is brevity* 
The less time on ttie air the better, for both 
security and practical reasons* 

Signal codes are contained in conmiunicatlon 
publications known as signal books (of wbldx 
there are several), each having a particular 
applicatitti* One signal book consists of two 
letters^ or a comUniltion of letters and numerals, 
ttiat usually are used for tactical signals* (Mem- 
bers of NATO use this book, as well as the 
standard phonetio alphabet, for combined opera- 
tions*) As an example, a certain two-letter and 
a numeral signal tells all ships to make ollfog 
and smoke* From his signal book, the captain 
of an Italian ship can read and understand the 



meaning of fhe signal as quloUy as tbe captain 
<rf a U.S. Navy destroyer. Two letters and a 
numeral thus overcome fbe language barrier 
and make a brief message as well. 

Another means of reducing transmission tlme» 
and providing a degree of security* is throu^ 
the use of brevity code words. In general* these 
code words are used to convey oontaot and 
related information, CommunicatiQn puUioatlon 
ACP 165 contains the operational brevity code. 

At the end of the text* the word BREAK is 
used again to separate the text from the ending. 



The ending of a radiotelephone message con- 
sists of one of two wordB-K>VER or OUT. When 
OVER is used* the sender Is telling the receiver 
to go ahead and transmltt or <<This is the end 
of my transmission to you and a response is 
necessary.** With the use of OUT, the sender 
in effect is telling the receiver: «This is the 
end of my transmission to you and no reiCponse 
is required^'* In motion pictures and television 
productions* you are likely to see military 
personnel say "Over and out*" but there is 
never a need for their combined use in this 
manner. 

CALL SIGNS 

In radiotelephone procedure* ships have call 
signs that are common* easily pronounced words 
or es^ressions; The radioteleiAme call sign 
of one ship* for example* is BLUE STAR; another 
is BEANSTALK} Still another is EL TORd. All 
U. S. Navy ships are assigned a voice call sign. 
If you need to know tbB voice call sign of any 
Navy ship* you can find it In the communication 
publication JANAP 119. 

PROWORDS 

Radiotelephone procedure also requires the 
use of standard procedural words* called pro- 
words* Althou^ prowwds are not code words 
as such* they say a great' deal with t^ 
brevity. The words OVER and OUT, mentioned 
earlier* are prowords. Besides OVEit and OUT* 
two other prowords tbiit are never usbd togelther 
are BOGER and WILCO. ROGER is used as ^ 



receipt. It merely means that you have received 
the message— not that you understand it or will 
carry out any orders oontained in it. WILCO is 
the answer to the proword ACKNOWLEDGE* and 
means that you will comply with any instructions 
or orders contained In tbe message. For this 
reason* the proword WILCO must never be used 
without specifio permission from a person having 
the authority to grant such permission. 

Following is a list of the more common 
prowords* the meaning and iisage of n^oh you 
should memorize. This list is not complete* as 
are the ones in communication puhlicatlons. It 
consists mainly of the prowords you are most 
likely to hear and use on tbe underwater tele«* 
phone. Should you be interested in seeing a 
more complete list of prowords* oheok DNC 6 
or ACP 126. 



Proword 



Meaning 



ALL AFTER All after. 

ALL BEFORE All before. 

BREAK The text is separated at 

this point Do not con* 
fuse - the separated 
portions. 

CORRECTION An error in my transmis- 
sion has been made. I 
now correct it 

DISREGARD This entire transmission is 

in error. Disregard it 

TRANSMISSION 

FIGURES Figures or numerals follow. 

^^Otd This message is originated 

hy_ 

I SAY AGAIN . w . . I repeat the entire trans- 
mission (or portions 
indicated). 

I SPELL ....... I shaU spell the next word 

with the standard phone- 
tic alphabet 

OUT This is the end of my 

transmissioa No re- 
ceipl is required 

OVER ... V Go ahead with your trians- 

mission at this time. 
(Or, This is the end of 
my transmis8i<xi for 
which a response is 
required.) 

ROGER ........ I have received your last 

transmission satisfac- 
torily. 

SjAY AGAIN Repeat all (or portions in- 

dicated) of your mes- 
. sage. 
THATJS. . i ... . . You have repeated my mes- 
COI^RECT sage or have given in* 

formation correctly. 
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Proword 



Meaning 



THIS IS This message l8 from . 

TIME What foUows is the time or 

date-time group of this 

message. 

TO This message is for action 

by and is directed to.^ 

WAIT I must pause for a few 

seconds. 

WAIT OUT I must pause for longer ttian 

a few secmds. 

WILCO I have received and under- 

stoodyour fizesaage, and 
you have the assurance 
of the command that it 
will be complied with. 
(This type of answer re- 
quires GO'S permis- 
sioa) 

WORD AFTER The word after (word) 

(word) is 

WORD BEFORE 

(word) 

WRONG. . 



The word before (word) 
is.^ 



Your last transmissi(»t 
was incorrect. The cor- 
rect version follows. 



INTERNATIONAL MORSE CODE 

The international Morse code is a telegrqddo 
alphabet, I0 way of saying that it 

Is a dot and dash odnimunioation systein. The 
code isf pranounced ty. saying '^dlf; and *'dah,'' 
not "dot'' and VdajBbtV bo forget about dots and 
dashes and think Miy in terms of dits and dahs. 
The group of dits land dahs representing each 
oharaoter must be made as one unil^ with a 
clear break between eaoh dit and dah, and a 
much more distinct break between oharaoters. 

Never try to identl|y a oharaoter by oountlng 
dits ^ and dahs. DonH let yourself get into this 
haULt,, it's a temptfl^ first* but you wonH 
be aUe tbooimirfuie speed 
pioks iq>« Leani spund;^ patterns instead. To 
understand what -fills • reSguirement means, rqp 
out the pattern begimiing «'S^^ and ahairout,'' 
You recognize this ditty firom its oharaoteristio 
rhytiimV ncyt: because it has a certain number of 
beats in it. Tou niust learn code, the same way. 
Each character hail its ow^^ sound 
patten. With stu^^^ to 
recognize eabh pattern as fast as you now 
rec<^nUe ^^^^yp ' isiA k haircut*?^ ^ The kooent 
always f|Bdito : <^^^^^^ and you should p^<nicunce 
eaoh rhyOimibal combination with that rule in 



mind. Go through the alphabet several times 
to get the feel of the sound of the dit^-dah com- 
binations. 

The Code 

In the pronunciation guide for fiie sounds of 
the characters in the accompanying list, the 
sounds are written out phonetically insofar as 
possible. The short sound <<dit" actually takes 
on the sound <^di." The is very short and 
the **t** is dropped. 



Letter 


Pronunciation 


A 


di-DAH 


0 


OAn-ai-ai-cui 




DAn-ai-DAn-ait 


u 


DAH-<U-(Ut 


E 


dit 


F 


di-di-DAH-dit 


G 


DAH-DAH-dit 


H 


di-di-di-dit 


I 


di-dit 


J 


di-DAH-DAH-DAH 


K 


DAH-di-DAH 


L 


di-DAH-di-dit 


M 


DAH-DAH 


N 


DAH-dit 


0 


DAH-DAH-DAH 


P 


di-DAH-DAH-dit 


Q 


DAH-DAH-4i-DAH 


R 


di-DAH-dit 


s 


di-di-dlt 


T 


DAH 


U 


di-di-DAH 


V 


di-di-di-DAH 


w 


di-DAH-DAH 


X 


DAH-di-dl-DAH 


Y 


DAH-di-DAH-DAH 




DAH-DAH-di-dit 



Number Prommclatlon 

1 . di-DAH-DAH-DAH-D AH 

2 di-di-DAH-DAHOAH 
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Number 


ProituncUtion 


3 


di-di^i.DAH-DAH, 


4 


di-di-di^i^AH 


5 


di-di-di-di-dit 


6 


DAH^di-di-di-dit 


7 


DAH-DAH-dl-di-dit 


8 


DAH-DAH-DAH-di-dit 


9 


DAH-DAH-DAH-DAH-dit 


««o 


DAH-DAH-DAH-DAH-DAH 



•Zulu ts written as Z to avoid confusion 
with the number 2. 

••Zero is written as 0 to avoid conftisionwith 
the letter O. 



Study and Praotioe 

* „^ "tty trouble learning code, the 

following method may be helpful. Qo throuKh 
the three groupings of short, medium, and long 
sounds with their accompanying pr«otloe words. 
l&aka up words of your own if you wish further 
praotioe. ^ak the praotioe words in code. 

Mine' DAH-DAH di-dit 

DAH*<Ut dit." 

If you oan speak words rqpidly and distinctly 
In code, you»ll have an easy time of it when you 
learn to receiye code, because the spoken code 
tuid transmitted code sounds are similar. Practice 
tte figures in even groups: 11, 22, 33, 44, 66, 
66, 77, 88, 99, etc. Learn eaoh letter by overaU 
sound. Never count the dits and dahs. 



1 Short Sounds 

E dit 

T DAH 

A di-DAH 

I di-dit 

M DAH-DAH 

N DAH-dit 

Medium Sounds 
D DAH-di-dit 

a DAH-DAH-dit 

K DAH-di-DAH 

O DAH-DAH-DAH 

R di-DAH-dit 

8 di-di-dit 

U di-di-DAH 

"W dl-DAH-DAH 



Practice Words 

TEE,ATE,EAT,TEA, 
MEAT, MEET 

MINE, TIME, MAINE,, 
TEAM 

AIM, NTTE, TAME, 
TEA, MATE 

TAME, NAME, MITE. 
MIAMI 

MAMA, Mean, MAN, 
MAT, EMIT 

MINT, MANE, TAN, 
ITEM, TINT 



MUST, SAME, MAMA, 
SUIT, AUTO 

MUSS, OUST, MUSE, 
MUTE, ATOM 

TAUT, MASS, MAST, 
SUET, SAM, WIND 

SEA, TOM, SAW, OAT, 
SUE,SAT,WED 

SUM, MUD, lOU, USE, 
SEAM, DARK 

QBOROE, DOWN, 
KIND, SORT, MASK 

WORK, GROW, URGE, 
TUQ,PUtiL 

WIGS, WORN, WET, 
WAKE, WALL 



Long Sounds 

B DAH-di-dl-dlt 

C DAH-di-DAH-dit 

F di-di-DAH-dit 

H di-di-di-dit 

J di-DAH-DAH-DAH 

L di-DAH-dl-dlt 
P di-DAH-DAH-dit 
Q DAH-DAH-di-DAH 

V di-di-di-DAH 
X DAH-di.di.DAH 

DAH-diiDAH-DAH 
2 DAH-DAH-dl-dit 



Practice Words 



BAT, BALL, BEAT, 
QUB, GAB, JAB 

CUT, CAM, COAT, 
CODE, CALF 

FIVE, FAT, FUSS, 
FEET, EFFECT 

ACHE, HUSH, HAVE. 
HOLD, HOT 

JERK. JIM, JAR, 
JAM. JAB 

LIKE. LAG. JELLY. 
U)VE. LATE 

PUSH. PAIR, POLE, 
PART, HAPPY 

QUAY, QUEBEC, 
QUEEN, QUIZ. 
QUIT 

VIM. VERY. VETCH. 
VAT. EVE 

WAX. XRAY. LYNX. 
SDC,EXAM 

YOUNG. YOKE. YAK, 
JERKY. YAM 

ZERO. BUZZ, nz- 
ZLE. QUILL. LYNX 
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The only way to learn code is l^praotice— coi^ 
tlAuQl practice, (Practice makes perfect.) the 
value of practice cannot be oyeiremphaslzedt as you 
will learn "when you test yourself / with the help 
of your shipmates* to find out how much you have 
learned tbrough practicing by yourself* 

If you have carried out tiie reconunendatlons 
made up to this point, you are rea4y to receive 
code transmitted to you on a hand key* The ship 
or station to ^Moh you are attached has practice 
hand keys you can use* 

Find a Radioman, iiAo will key code groups 
to you to help you in your training* The sound 



produced by keying an oscillator resemUes 
the soimd of code fr^im the sonar trans- 
mitter. 

After you learn the sound of each character 
at a slow rate of speed, it is not difficult to 
reduce the time between characters and thus to 
copy at a much faster speed* But don't strive 
for speed before accuracy* Be a competent 
operator* Make every transmission and reoep- 
ticm accurately* Accuracy is much easier if you 
learn the fundamentals well* Some code practice 
exercises that will help you are included for 
your convenience* 



CODE PRACTICE 



1. 


EEE 


T T T 


AAA 


NNN 


I I I 


SSS 


HHH 


RRR 




MMM 


000 


EEE 


TTT 


AAA 


NNN 


I I I 


SSS 




88 3 


HHH 


MMM 


RRK 


00 0 


EEE 


TTT 


I I I 




T T T 


EEE 


T T T 


I I I 


NNN 


SSS 


000 


AAA 




NNN 


EEE 


AAA 


NNN 


TTT 


000 


1 1 1 


SSS 


2. 


uuu 


vvv 


DDD 


BBB 


KKK 


CCC 


www 


J J J 




pp p 


uuu 


VVV 


DDD 


BBB 


KKK 


CCC 


www 




J J J 


ppp 


VVV 


UUU 


BBB 


CCC 


KKK 


www 




DDD 


KKK 


BBB 


CCC 


WWW 


uuu 


VVV 


J J J 




CC C 


WWW 


KKK 


PPP 


DDD 


VVV 


u J J 


uuu 


3. 


RRR 


LLL 


F FF 


GGG 


Z Z Z 


XXX 


YYY 


QQQ 




RRR 


LLL 


F FF 


GGG 


QQQ 


zzz 


YYY 


RRR 




QQQ 


GGG 


Z Z Z 


LLL 


YYY 


RRR 


FFF 


LLL 




YY Y 


QQQ 


RRR 


XXX 


Z Z Z 


YYY 


LLL 


GGG 




LL L 


QQQ 


YYY 


uuu 


z z z 


XXX 


RRR 


LLL 


4. 


1 1 1 


2 2 2 


3 3 3 


444 


5 5 5 


66 6 


7 7 7 


8 8 8 




9 9 9 


fififi 


1 1 1 


2 22 


3 3 3 


444 


5 5 5 


6 6 6 




7 7 7 


8 8 8 


9 9 9 


fififi 


12 3 


456 


7 8 9 


/tififi 




1 1 3 


3 4 4 


2 2 5 


677 


6 6 8 


Bfifi 


9 9 2 


22 fi 




1 2 3 


4 5 6 


7 8 9 


012 


3 4 5 


67 8 


9 Jtt 5 


5 9 9 


5. 


V U i 


Y Q Z 


C X G R S L 


K J P Q X Z 


RI F 


C V B 




WF K 


D S H Q Z A L K F 


B V R 


S T U 


0 T M E G Y 




Z X V 


EON 


I W S 


L H M U A E 


V U A 


E W Q G H V 



C I J5;Z L N RYUKVUWS XEDCRFVTGB 
Y H N U J M I. K 0 L P QA Z WS X E D C R F V T 



Chapter 8— COMMUNICATIONS 



CODE PRACnCE -Contlnued 

6. E8Y7B6X1W/)Z2A3C6S4I2FU1F 
6D8Q4T6U9Q2E^JS6U1YG2J4S3 
E8T7Z8KftM9RlA2RS7W8E9R2A 
3Z3 X6U8B7C6TE8Y7B6Y^F1W4 
F1A7I6R8S^Jm6C2K3A9Z3Z6D2 

7. WI AN TY SX EC LVQD OZ SP TZ EC NU VA EH LM DQ 
BMZS CD OA lU SD PQ CWIE UR YT LA KS JD HP GM 
ZN XB CV QZ WX EC R)^ TB YN UMIL OP AE SR DT FY 
HU JI KG LP ZS XD CF„ VG BH NJ MK SW XE CR VT BY 

8 5e J? 72 VA S 0? IN HA XR TV TV YB NU 
B. DE FT BY 72 VA 54 98 IM BT BT 11 34 66 CV VF TC 

62 84 OA WS RF 64 2^J BY 77 GY AA YF UH U VD BK 

KK 99 2 5 66 83 26 LA KS JD CY BU IN EB QV QV ZZ 

22 TT 76 44 VY 63 VS CW MC WH 66 FS SS ER EE 

26 OG PL lA LE FG QY 86 RI 39 NF JE SI 26 37 AR 

9. WNTAGR DTO ELY BFC UZX REH KCE fflj AQE RNG TCV 

EPL ZSW QAH SHL GBT VRT GUK GYO DCM XSD ZAU YER 

DLN ARG VNB EDX BWS (JTA RHI KTZ HBY ALK RDC TOC 

ESX lUP PKJ NYH GHT DFR VED S,VN VBT XFZ RDA FUG 

NYH OLX RWH MKY ATA NWS RGU SKZ KDG OKL GDC GLM 

OLVHM YBLUR XOHIZ GVICT FINXC 

VIZNT UBLMQ ABLBE 

JNCDU TLZKL ABDEF 

LMXMV NHUWQ RNVUT 

HEDIP AZQWI ZYSKQ 

ZXCKA DBTGW WNLIP 

JIQCA UTHAV NCBRF 

QIMNJ FSTRG TNBLU 

RGBNS VCXTR JTUBD 

2 JI9 Y TX3S 6 Tl 48p 



10. 

X S H T Y 
B ZW C N 
KFREG 
D EH L Y 
11. NWZIH 
ADXFR 
XVHRW 
G Q J U Y 
VXH7G 



J N C Y Z 
Z VN UW 
KUXF C 
IQ AW M 
WBUGX 
D S ED C 
JHKNI 
C G F H 5 
B TiJZ X 



PROSIGNS 

_ P^weAi'alslgnate, called proBlgns, are used 
by radloWegpraph operator for the^ reason 
ttat prowords are used by radlotetophone talkers. 
Most proywrdsluiTO an eq^^ 
In^eyeral Instances, Is an abbreviation of 

!^ ^ aooompanylng 

llBt of proslgns that some of them are oveiBoSeS 
Overscorlag means that the letters are tobe 



sent aajme oharaoter. that Is. without the normal 
pause between letters. ^»mamnm 

SENDING 

. _ Your ^ ^Ity to send code depends mainly on 
two considerations.. First, you must knoJ/tto 
TOrreot sound of thia oharaoter you are attemptinii 
y°" ™"8t know the corre^ 
method for keying^ Praotlolng the code aloud. 
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Prosign 



Pro word 



Meaning Remarks 



AA ALL AFTER AU after ^ 

AB ALL BEFORE AU before I 

WA WORD AFTER Word after [ 

WB WORD BEFORE Word before J 



K OVER 



Go ahead and 
transmit. 



AR OUT End of trans- 
mission; no 
reply esqpectedl 
or desired, J 



Used to identity 
portions of a 
transmission 
when requesting 
a repetition. 

*1 Every transmission 
I ends with one or 
the other of these 
prosigns. 



A3 WATT. 



I must pause for a 
few seconds. 



AS AR . . WAIT OUT I must pause longer 

than a few seconds. 

BT BREAK Long break ; . . . . Separates text of 

message from 
heading and end- 
ing. 



n Separative 

sign. 



DE FROM 



From 



EEEEEEEEE. .CORRECTION . . I Just made 

an error. 



Used for all other 
separations in 
messages. Write 
it as a short dash. 



Corrected version 
is sent immedi- 
ately. 



EEEEEEE . DISREGARD THIS TRANSMISSION 

Oil. ... . SAY AGAIN. Repeat 



ROGER .. . . I have received 

all of your 

last transmission. 



I 



as well as receivliig it by psoillatbr, should give 
you a good knowledge of oode sound, the proper 
method for keying is your next oonoern. 

VvohOAy^^l^^^ Is. 
the unsUelded telegrqph koy^ normally used m 
praotloe oBolUators oh sldptoard and oh station 
olrouite, thb key mtw^^^ adjusted ph^rly. 
before you oan teansn^^ eharaotere. 
A hiuEkl» k^»^ In 

t::A spring 

oontMis Ihd'tB^^ « 
. ia» tooali^ deiirikl v&rles with 0^ 



muoh tension forces the key button up before the 
dahs are completely formed; spacing between 
characters is irregulart and dits are not clearly 
defined. If the spring tension is very weak, 
characters run together and the space between 
characters is too short. 

The giqE> between the oontactSt regulated by 
tl» space adjusting screw at the back of the 
key» should be set at onenilxteenth inch for 
beg^ers. > IlilB^^^^x^^ does not WP^y 

* to 'eve;^^' key and operator; it is a mattered! 
ipNsrsQiud preference. Some operators like a 
closed' kayt others an open key. <<Closed*' and 




76.8A 

Figure 8-1.— Hand key, 

**open" are terms for a short and a long gap. 
As the student progresses^ further giq[) adjust- 
ment may be made to suit his sending speed. 
Contaots that ar^ too olose have an effectslmllar 
to weak spring tension. Contaots that are spaoed 
too far have the same efteot as too muoh sprlmc 
tension. ^ 
The final adjustment of the key Is the side- 
wise alignment of the oontaot points. This align- 
ment Is oontroUed by the trunnion sorews at 
either side of the key. If they are too tight, the 
key lever binds. If they are too loose, the 
oontaets have sldewlse play. Usually, when the 
sldewlse alignment fs correot* no fbrtfaer adjust- 
ment Is required. 

From the beginning you should learn ttie 
oorreot way to grasp the key. The foUowlns 
Instruotlons. In the order listed, oonstltute 
proper prooedure fbr: beoomlng a proflolent 
operator: Do not h«fld flie key tlditly. but let 
your fingers rest lightly on the key knob. Your 
thumb rests against the slde» your forefinger 
rests on top of the key; your third finger Is 
bent and relaxed with the remaining two fingers. 

^peed and aoouraxgr of transmission depend, 
to a large extent, on acquiring the proper move- 
ments of your wrist and hand while operating 
the key. To olose the key. your wrist moves 
iqmard and your hand rooks downward toward 
your fingertips. To qpen the key. ihese two 
movements are reversed— your wrist ookisk 
down and your hand rooks back. A dah should 
be about three times as long as adit. 



Conditions of the water have a bearing on 
the speed at wtdoh you will be able to transmit. 
At times you oan transmit rapidly and your 
signals will be olearly audible. Other times 
you may have to go very slowly, otherwise your 
dits and dahs oannot be rfigHtigi^^ifitiftd the 
receiving operator. 

UNDERWATER COMMUNICATIONS 

For maqy reasons it is x^oessary for a 
ship and a submerged submarine to oommunicate 
with each other. Of paramount importanoe is the 
safety of the submarine and its crew. During 
exercise periods the ship can advise the sub- 
marine wbBn it is safe^ to surface. Should an 
emergency arise aboard the submarine, the ship 
can be so informed. Exercises can be started 
and stopped, or one in progress can be modified. 
by using the underwater telephone. Attack accu- 
racy can be signaled 1^ the submarine to the 
attacking ship. Sonar Technicians must be pro- 
ficient in radiotelephone procedures because 
those techniques are used for underwater voice 
communication. When CW (radiotelegraph) is 
used, you must be able to send and receive 
Morse code without causing delay or misunder- 
standing. 

The most widely used underwater telephone 
InstaUfition is the ANAJQC-1 (and modifications) 
sonar iset. commonly called Gertrude. Although 
intended for use 1^ sonar control personnel, 
some Installations provide remote voice opera- 
tion from the bridge and from CIC. It operates 
as a single sideband suppressed carrier trans- 
ceiver, with a modulated frequeix)y of 8 to 11 kc. 
It has a microphone for voice transmission and 
a hand key for sending CW signals. Mounted 
on the front panel of the control unit (fig. 8-2) 
are a speaker, microphone, and earphone Jacks, 
on-off and reoeiver-fransmit switches, a tele- 
graph key. and three neon glow lamps indicating 
ou^t. plate voltage, and filament voltage. 

When you wish to transmit voice, set the 
toggle switch to VOICE & CW RECEIVE, plug 
in the microphone, and depress the micrqdione 
button. For CW transmissicm.. set the tonle 
switch to CW TRANSMIT and use the hand key. 
(CAUTION: Do not operate in the CW mode for 
longer ttian 30 minutes at a time. Operation for 
longer periods causes excessive heating of the 
transducer.) 

.The range of transmission varies with water 
con d lttoos. looal noise level, and reverberation 
effects. Under normal sonar conditions, however, 
communication between ships should be possible 
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Figure 8-2.— ANAJQC-1 control unit. 



at ranges out to 12,000 yards. Under the same 
conditionSt submarines achieve a greater range. 
If the submarines are operating in a sound 
channel (described in chapter 4), the communica- 
tion range may be many miles greater than that 
a^^hieved by ships. 

Local noise, caused by ship's movement 
through the water, machinery, screws, etc., can 
reduce the range to less than half the normal 
range. Severid reverberaticm effects mi^ also 
cause a reduction in rangSt but you can overcome 
them hy speaking slowly, pausii^ after each word 
to let the echoes die out. At very short ranges it 
may be impossible to reduce the receiving gain 
to a comfortable speaker output level. Then, 
you must speak softly, holding the microphone 
away from your lips. 

VOICE PROCEDURE * 

As mentioned earlier, you will use the same 
voice procedures for underwater voice communi- 
cation as for radiotelephone transmissions. In 
other words, you call the station f or ^HAiich you 
have a message, identify yourself, send your 
mesial^, and end the triansmission with either 
OVER or OUT. 

Calling and Answering j^j^.. 

Here : is an example of a ball from, a sub- 
marine (call sigh WEASEL) to an ASW ship (call 
sign LONGSHOT). Dashes shown are not actually 



sent, but indicate pauses the operator makes so 
that his transmission can be understood more 
easily. 

LONGSHOT -THIS IS WEASEL -OVER 
WEASEL— THIS IS LONGSHOT— OVER 

With commTmlcation established, WEASEL sends 
his message: 

LONGSHOT -THIS IS WEASEL- BREAK- 
AM READY— AT REQUIRED DEPTH- 
SPEED — AND COURSE — BREAK— OVER 

LONGSHOT gives a receipt, using an abbreviated 
call: 

THIS IS LONGSHOT— ROGER— OUT 

Following is an example of a related series 
of messages between ships conducting an ASW 
exercise. 

DOUGHBOY— THIS IS BIG BEN— BREAK- 
CEASE ECHO RANGING DURATION MY 
ATTACK— BREAK— OVER 

BIG BEN— THIS IS DOUGHBOY— ROGER- 
BREAK— INFORM DOUGHBOY THIS CIR- 
CUIT WHEN ATTACK COMPLETED— 
OVER 

DOUGHBOY -THIS IS BIO BEN— ROGER- 
OUT 

Correcting an Error 

If you make an error in transmission, send 
the proword CORRECTION immediately. Go back 
to the last correctly sent word., repeat it, and 
continue with the correct versi<». Example: 

WEASEL— THIS IS LONGSHOT— BREAK — 
ALLHERE— CORRECTION— ALL CLEAR 
SURFACE— BREAK— OVER 

Waits , 

When an operator finds it necessary to delay 
transmission momentarily, he sends the proword 
WAIT. If the delay is for longer than a few 
moments, the transmlssicm is WAIT OUT. A new 
call is made when conmiunicatlon is resumed. 

Repetitions 

The request for a repetition is SAY AGAIN, 
not ^'Repeat." Used alone, SAY AGAIN means 
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Repeat all of your last transmission." Fol- 
lowed by IdentlflcatiOD data. It means "Repeat 
the Indicated portiOD of your transmission." 
The answer to SAY AGAIN is I SAY AGAIN. 
foUowed by the repetition requested. Example* 
WEASEL asks LONGSHOT to repeat aU of his 
last transmission, and LONGSHOT complies. 

THIS IS WEASEL— SAY AGAIN— OVER 
THIS IS LONGSHOT— I SAY AGAIN— 
WEASEL— THIS IS LONGSHOT — BREAK- 
CHANGE BASE COURSE TO ZERO NINER 
ZERO-MAINTAIN PRESENT DEPTH AND 
SPEED-REPORT WHEN READY— BREAK 



If WEASEL missed only the word PRESENT, 
he would frame his request as follows: 

THISISWEASEL— SAY AGAIN-WORD AFTER 
MAINTAIN— OVER 

When WEASEL has the complete message, he 
sends a receipt. 

Canceling a Message 

To cancel a message in progress, cease 
sending Inunediately and transmit the proword 
DISREGARD THIS TRANSMISSION. Example- 
LONGSHOT'S operator begins a messase. then 
is ordered to delay it. 

WEASEL — THIS IS LONGSHOT — TAKE STA- 
TION — DISREGARD THIS TRANSMISSION 
— OUT 

Once a message is receipted for. it cannot be 
canceled by means of the proword DISREGARD 
THIS TRANSMISSION. Instead, a new messase 
must be sent. 

UNDERWATER TELEGRAPH PROCEDURES 

Knowledge of the Morse code Itself will not 
ename you to send a cdrrect message. You also 
must have a working knowledge of simple radld- 
telegr^ procedure; You won't heed to master 
all the details because sonar oommunloatlOD^are 
kept to a bare nilnimiun; and ihessai^ are 
in brief, plain slyle. If you learn the procedure 
given here, you will be able to handle any under- 
water messajge 3^ are likely to iencounter. 



Underwater telegraph procedure closely 
parallels underwater telephme procedure. Con- 
struction of messages is the same, and so are 
principles of calling, receipting, correcting 
errors, waiting, and obtaining repetitions. You 
will notice two Important differences, thou^: 
Instead of using voice calls, you will use the 
International call signs of the ships. Also. In- 
stead of prowords. you will use proslgns. 

Call Signs 

Call signs are letters ov letter-number com- 
binations. TbBy are used chiefly for Identifica- 
tion of a communication activity. By International 
agreement, the United States has the use of the 
first half of the A block (assigned to Army and 
Air Force units) and all of the K. N. andW 
blocks. You are already familiar with the K and 
W calls. They are assigned to commercial radio 
stations. Your concern here Is with the N calls, 
assigned to the Navy. Marine Corps, and Coast 
Guard. Naturally, your primary Interest Is with 
U. S. Navy ship calls. 

The Navy assigns a 4-letter call to each of 
Its ships. Should the need arise, you can find 
the International call of any Navy ship In ACP 
113. Call am Book For Ships. Followlne are 
a few exam]^[es. — *— —o 

Ship Call Sign 

USS Cony (DD 508) NILX 

USS O'Bannon (DD 450) NUJC 

USS DuPont (DD 941) NTIR 

USS SeawoM (SSN 575) NBWY 

Call 

The call Is a transmission directed to the 
station with which you wish to communicate, 
requesting that station to answer. Begin the 
transmission with the call sign of the station 
you are calling. Next, give the proslgn DE(from), 
then the call sign of your own ship, and finally 
the proslgn K. In the following example the 
USS Cony, a DD (caU sign NILX). callis the 
submarine ^f^gfe (call sign NJRV): Call: NJRV 
DE NILX K; reply: NILX DE NJRV K. Cony now 
repeats the call. without the proslgn K'mdpro- 
peeds withXthe text (rf the message. . 

After conutaunlcfition is established, further 
calling or aiietwering incident to transmission of 
a message usually , is handled 1^ abbreviated 
calls. The abbreviated call omits the call sign 
of the station called; if there Is a possibility 
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of confusiont however, a full call should be 
used. Example: full call: NJRV DE NILX; abbre- 
viated call: DENILX, 

Text 

The call is followed by the text, which is 
the main part of the message. It is the basic 
idea or information that the originator (station 
with information to send) desires to communicate 
to the addressee (station receiving the message). 
The text may be sent in plain language or it may 
be sent coded. In addition to regular coded 
signals, Sonar Technicians use a special S-^letter 
code with meanings that cover most of the in- 
formation sent or exchanged in underwater com- 
munications. This code is contained in FXP 1, 

The 3»letter code sometimes is referred to 
as the <<short signals,'' Use of short signals 
shortens the time required to exchange informa- 
tion. Even so, you will handle many underwater 
messages with plain language texts. 

The heading and text of a message are 
separated by 15T, Likewise, the text and ending 
are also separated by "ST, 

Ending 

The ending marks the conclusion of the 
message. In underwater sound communlc ati ons , 
the endihg consists of the prosign K or TtC^ 
depending on whether a reply is required. 

Challenging 

In some situations the use ci CW, rather 
than voice» is hig^y desirable. Here is an 
example: Your ship (or submarine) is on a 
routine patrol. You have a ^^probable" sonar 
contact. The cs^tain wants to know its naticm- 
ality, and orders you to challenge. One method 
is to use voice transmission: 

UNKNOWN STATION— THIS IS (your ship's 
international call sign)*-£D£NTIFY YOUR- 
SELF— OVER 

Y(Hi could also tell the unknown station its 
bearing and range from. y6u«, He mey not have 
an underwater telephone installation, however. 
Even though equipped with a telephone, if he 
is from a foreign nation he may not understand 
you. By using CW, you can transmit an inter- 
national interrogation signal. This signal is 
'Ka (t9fo di-dahs sent, as a single group: di- 
dah-di-dah). The challenge is followed the 



letters DE (from) and the four letters of your 
ship's call sign, ending with K (over). If the 
contact is a sulnnarine, and he decides to answer 
you, he will transmit his call letters. You then 
can look up his call sign in ACP 113 to obtain 
his name and country. 

Many search sonars can be used to transmit 
CW signals. This usage puts a power drain on 
the equipment, however, causing it to heat up. 
Built-in overloads are provided to reduce power 
output before damage occurs to the equipment, 
resulting in reduction of range with the lesser 
power output. Thus, under normal conditions, 
CW transnxission is not recommended for search 
sonars. 



SUBMARINE COMMUNICATION METHODS 

The ANAJQC underwater telephone is the 
submerged submarine's primary means of com- 
municating with surface ships. For this reason, 
during exercise periods ships are required to man 
the UQC continuously. In addition to ite required 
use for safety purposes, the UQC is used through- 
out ^an exercise by ships and submarines for 
sending attack signals, obtaining range checks, 
transmitting sonar short signals, and for several 
other purposes. Subject to equipment limitations, 
keyed sonar is the secondary means of underwater 
communications. Many submarine sonars do not 
have CW capability. 

Emergency commmdcation equipment carried 
by a submarine Include a, radio and a telephone. 
The radio is battery-powered and floate to the 
surface upon release through the signal ejector. 
Once on the surface it automatically trari^mite 
on emergency radidErequencies, 

The emergency telephone, designated AN/ 
BQC-1A» is also battery-powered, and is portable. 
It has the same voice frequency characteristids 
as Gertrude, with a range of about 5000 yards. 
The usual installation provides one set in both 
the forward and after torpedo rooms. In addition 
to its voice transmission ciqpablllty, the AN/ 
BQC-] A can emit a 24,26 kHz continuous tone 
for homing purposes. Submarine rescue vessels 
have equipment capable of detecting and homing 
on the tone. With all batteries in g(^ conditiout 
72 hours of continuous tone transmission is 
possible. Range of the homing signal is 2000 to 
5000 yardSv 

Colored flares and smoke signal!^ afford 
another means of communication. Black or green 
signals are used by the submarine to indicate 
the simulated firing of torpedoes and to mark 
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her position. A yeUow Hare or smoke signifies 
the submarine intends to surface. Ships must 
then clear the area and keep other shippinir 
away. A designated ship notifies the submarine 
that the signal was sighted, and informs him 
when it is safe to surface. A red flare denotes 
trouble. It means the submarine is carrying 
out emergency surfacing procedures. If the flares 
are repeated, or if the submarine fails to surface 
within a reasonable length of time, it can be 
assumed he is disabled and requires immediate 



assistance. You must make every effort to 
maintain sonar contact and estabUsh communica- 
tions by any means possible, bat preferably 
by voice. ' 

Detidled pyrotechnic, sonar, and e]q>losive 
Signal information is contained in FXP 1. All 
Sonar Technicians must become familiar with 
the signals in that publication. The rescue of 
a disabled submarine's crew could depend on 
your ablUty to establish and maintain reUable 
communications . 
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CHAPTER 9 

MAINTENANCE 



Any piece of machinery or precision equip- 
ment requires $ome type of care to keep it 
running effloiently. Proper upkeep of an auto- 
mobile, for example, includes changing the oil 
at certain mileage intervals. The windshield 
must be kept clean; headlights and brakes must 
be adjusted every once in a while; and an 
occasional engine tuneup must be obtained. Sodbx 
equipment also requires periodic upkeep, but in 
more detail and at more regular intervals than 
does an automobile. Aboard your ship or sub- 
marine you will assist in carrying out scheduled 
maintenatoe on the equipment to vAdoh you are 
assigned. 

Various publications are available to a&sist 
you in carrying out a maintenance program. 
The manufacturer's technical manual for each 
piece of equipment is an invaluable aid. These 
books describe the components of the equipment, 
operating standards, and required maintenance. 
Other publications include the Naval Ships Tech- 
. nioftl Manual and Electroniclnformation Bulletins 
(EIBs). 



TYPES OF MAINTENANCE 

Maintenance is divided into three categories, 
according to their complexity and purpose. The 
three types of maintenance are operational, 
preventive, and corrective. 

At first glance it may seem that preventive 
and operational maintenance are synonymous, 
but there is a good deal of difference between 
the two. Operational maintenance is confined 
to acts that can be performed by an operator 
while he is on watcll, and usually is fiirther 
confined to one component, such as the sonar 
console. Preventive maintenance Is a systematic' 
programi. cofverinp^e'. entire sonar system, and 
requires several ihen to carry^out« 

The Navy's operaiional aiid pteventivcr main- 
tenance program formerly was called POMSEE. 
Ships and stations today, ho^er, utilize a 



program known as the Standard Navy Maintenance 
and Material Management System, more famil- 
iarly called the 3-M System, which will be 
discussed later in the chapter, as will the POMSEE 
progp^am. 

OPERATIONAL MAINTENANCE 

Operational maintenance is the^ elementary 
upkeep performed by the operator to keep his 
equipment in good operating condition. Itconsists 
mainly of proper operation of the equipment, 
such as starting, stopping, calibrating, and manip- 
ulating controls in the prescribed manner. At 
times, operational maintenance may also include 
inspection, cleaning, and lubrication of equipment, 
and replacement of minor parts, such as indicator 
lamps* 

PREVENTIVE MAINTENANCE 

Preventive maintenance is work done that is 
intended to forestall equipment failure. Com- 
prising this category are inspection, cleaning, 
testing, and lubrioaticm. It also includes minor 
adjustments and replacement of minor deterio- 
rated parts (if no high degree of technical skill 
or internal alignment is required) which, if left 
uncorrected, might lead to equipment malfimction 
or part failure. 

Inspecting 

All electronic equipment should be inspected 
daily for such defects as broken meter glasses, 
loose control knobs, burned-out indicator lights, 
loore cable connections, and the many small items 
that may be checked with or without the equip- 
ment actually being energized. On units ttutt 
utiUze ventilation for cooling, the intake and 
outlet areas should be inspected to see that they 
are free of obstructions. 

Many itetns can be inspedted daily, weekly, 
and monthly to help maintain the ecpaipment in 

14, taVs,- • ■ 



Clu5)ter 9 — MAINTENANCE 



servloeable condition, but they are too numerous 
to mention in detail here. In some instances 
these routine checks include electrical measure- 
ments to check individual units for malfunctioning 
circuitry. Technical manuals finished by the 
manufacturer include lists of checks to be con- 
ducted at regular intervals and the desired 
reading or measurement required for peak per- 
formance of the specific equipment. 

Cleaning 

Cleaning is an important part of preventive 
maintenance. External surfaces of electronic 
units and the surrounding spaces should be 
cleaned daily. This dally routine reduces the 
amount of dirt and dust that enters the equip- 
ment through circulating air blower intakes, 
some dust and dirt naturaUy will work their 
way in, hence the interiors of units should be 
cleaned carefully at least once a week with a 
soft cloth. If possible, a vacuum cleaner should 
be used. Avoid usingblowers,beUows, or cleaning 
solvents, because they. tend to push or wash 
oirt into inaccessible corners. If it becomes 
necessary to use a cleaning solvent, use only 
methyl chloroform. See NavShlps Tech nic^ 
article 67.306 for safety precautions. 
Air filters should be cleaned at least once a 
week. CUmate and operating conditions may 
require cleaning more often. Overheating due to 
clogged air filters often is a prime cause of 
equipment failure. Neglect in cleaning filters is. 
therefore, inexcusable. 

Generators must be given a careful cleanli- 
ness check while the equipment is Inoperative. 
Brushes and commutators should be cleaned 
frequentty. Be careful not to blow or brush carbon 
dust and other foreign matter into the windings 
or bearings. When cleaning generators, ensure 
that the brushes sUde freely in their holder and 
exert proper pressure on the slipring or com- 
mutator surface. 6 * 

Lubrication 

Electronic gear has many parts-such as 
motors, hoists, gears, and sppings-that require 
regular lubrication. The manufacturer's technical 
manual should be foUowed to ascertain where 
how often, and how much lubrlcjitloh Is needed, 
use caution when lubricating the parts of any 
piece of equipment, and foUow the instructions 
In the book pertaining to the individual type of 
equipment* Too much lubrication can be lust 
as harmful as too little. 



CORRECTIVE MAINTENANCE 

Corrective maintenance is another name for 
repair, and is necessary only after equipment 
failure. Corrective maintenance usually calls 
for replacement of internal paarts or alignment 
of electronic components requiring technically 
trained personnel. Some of this work is per- 
Jornaed by operating personnel while assisting 
the technician. As you advance in rate you will 
perform more highly technical maintenance on 
your own. 



MAINTENANCE AND MATERIAL 
MANAGEMENT SYSTEM 

ReUability of electronic equipment depends on 
the quality of the preventive and operational 
maintenance received by the equipment. As equip- 
ment becomes more complex, the maintenance 
problem becomes ever greater. 

In the past, many programs evolved that often 
were uncoordinated and sometimes unworkable. 
The lack of weU-trained technicians, together 
with the large number of reports required by 
some programs, seriously hampered the main- 
tenance effort. Overloaded bureaus, moreover 
could not properly correlate the mass of informa- 
tion in the reports. 

XT '^°.a^le^ate these conditions, the Standard 
Navy Maintenance and Material Management (3-M) 
System was implemented. The 3-M system re- ' 
places all other maintenance programs. It pre- ' 
scribes standard maintenance procedures and 
iwovldes a feedback report system that enables 
the program to be updated, and correcte errors 
and deficiencies. 

Procedures for managing and reporting the 
maintenance program are contained in Main- 
^^sg MatOTl^ Management ( 3-M) mSSmST 

Basic elements of the 3-M system are the 
Planned Maintenance Subsystem (PMS) and the 
Maintenance Data CoUection Subsystem (MDCS). 
The PMS provides a uniform system of planned 
preventive maintenance. The MDCS provides a 
means of coUeoting necessary nudntenance and 
supply data, in a form suitable for machine 
pooessing. A man-hour accounting system also 
is used aboard repair ships and tenders in 
conjunction with the MDCS. As a third class 
^tty officer, you will be concerned with the 
Planned Maintenance Subsystem and certain por- 
tions of the Maintenance Data Collection Sub- 
system* The degree of equipment readiness, 
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e^eotiveness, and reliability depends on how 
well you perforin the required maintenance. 

PLANNED MAINTENANCE SUBSYSTEM 

Preventive maintenance, when properly car- 
ried out, reduces casualties and associated costs 
and equipment downtime required for major re- 
pairs. The PMS is designed to simplify main- 
tenance procedures (insofar as possible) by 
defining the maintenance required, scheduling 
its performance, describing the tools and methods 
to be used, and providing for the detection and 
prevention of impending casualties • 

In establishing minimmn equipment mainte- 
nance requirements, the NavShlps Technical 
Manual, manufacturers' technical manuals, an3 
other applicable publications are reviewed criti- 
cally. If planned maintenanoe requirements are 
found to be unrealistic or unclear, they are 
modified or completely revisedbefore incorpora- 
tion into the PMS. 

It is possible that the planned maintenance 
specified in the PMS may differ from that 
prescribed in other docimients. Should some 
variance become apparent, remember that, inso- 
far as preventive maintenance is concerned, the 
PMS supersedes and takes precedence over 
existing requirements set forth in various tech- 
nical publications. 

Planned Maintenanoe Subsystem Manual 

A master Planned Maintenance Subsjrstem 
Manual (OpNav 43P1) is tailored to each ship. 
It contains minimum planned maintenance re- 
quirements for each maintainable component 
installed in that particular ship. Normally, appro- 
priate sections (engineering, electronics, weap- 
ons, etc.) of the master manual are kept in the 
office of the department concerned. Respective 
sections are used by department heads in planning 
and scheduling all maintenance requirements 
in their departments. 

The departmental PMS manual contains a 
section for each division or maintenance group 
within a department. Each divisional section 
includes a table of contents and a maintenance 
index page (MIP) for each system, subsystem, 
or component. Applicable portions of the PBSS 
manual are kept in the working space for the 
equipment to which thof pertain. , These portions 
serve as a ready reference to . the required 
planned maintenance. Each BOP contains a brief 
description of maintenanoe ' requirements and 
the frequency with which they are to be effeoted. 



The firequency code is: D — daily, W— weekly, 
M— monthly, ^quarterly, S— semiannually. A— 
annually, C — overhaul cycle, and R— situation 
requirement. Frequency codes for daily, weekly, 
monthly, quarterly, semiannual, and annual 
planned maintenance actions are self-explanatory* 
Code C designates certain planned maintenance 
actions performed in a specified quarter (i.e. 
once) during the operational cycle between ship- 
yard overhauls. Code R identifies planned main- 
tenance actions that are to be performed before 
getting underway, after a specified number of 
hours of operation, or to meet other require- 
ments that arise only during specific situations. 

Figure 9-1 shows a maintenance index page 
from a typical PMS manual. Information entered 
on the MIP includes the system or component, 
a short description of each maintenance require- 
ment, maintenance frequency code plus a consecu- 
tive number starting with numeral 1 for each 
frequency code assigned,^ rate(s) recommended 
to perform the ntaintenance, average time re- 
quired to perform the maintenance, and related 
maintenance requirements. Related maintenance 
represents additional planned maintenance that 
can be completed before, in conjunction with, 
or immediately after a scheduled maintenance. 

Shipboard application of the PMS varies sUg^t- 
ly from one ship to another. Clarification is re- 
(piired, therefore, of information found on MIPs 
regarding rates reconunended to perform main- 
tenance and the average time required for the 
task. Actually, maintenance tasks are performed 
by personnel available and capable, regardless 
Of the rate listed on the MIP. As listed on the 
MIP, average time required does not consider 
time required to assendile necessary tools and 
materials, to obtain permission to secure equip- 
ment, nor to clean the area and put away tools 
upon conclusion of a task. Always remember that 
no maintenance is complete until all tools and 
equipment are put away aad the area is cleaned. 

Scheduling Planned Maintenance 

For each division or maintenance group, a 
cycle schedule that provides a visual display of 
planned maintenance requirements (based on the 
operational cycle of the ship between shipyard 
overhauls) is exhibited in the departmental office. 
Information supplied on a cycle schedule for any 
particular division or maintenance group includes 
the MIP number from the PMS manual, a listing 
of all equipment within that particular group for 
which planned maintenance is^reqiiired, and the 
specific quarter in which the semiannual, annual. 
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AN/SQS-29B, 29C 

Sonar Detecting -Ranging Set 



R«ftranct Publicotiont 
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ST6SN 


1.0 
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0.8 
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0.8 
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0.4 
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STG3 
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STG2 
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J2 



J2 



J2 



01000000 



01000000 



01000000 



01000000 
01000000 
01000000 

01000000 
01000000 



AS 



AS 



AS 



AESH 



AESJ 



AESK 



AESL 
AESM 
AESN 

AESP 
AESQ 



M 



M 



1. Measure noise level (hull equip- 
ment). 

2. Compute ship and sea noise level. 

1. Calculate AN/SQM-2 voltage attenua- 
tion factor. 

2. Measure and observe transmitter 
output pulses. 

1. Test hull and VDS receiving system 
noise . 

2. Test hull own doppler nullifier 
circuit. 

3. Test VDS own doppler nullifier cir- 
cuit. 

1. Clean and inspect sonar set. 
1. Calibrate sonar test set. 



1. Lubricate high-voltage motor gen- 
erators after 3000 hours of opera- 
tion or at 3 year intervals. 

1. Test operational readiness of 

equipment prior to getting underway 

1. Replace commutator brushes in high- 
voltage motor-generators. 

These maintenance .cards were prepared 
for this equipment in which the fol- 
lowing field changes have been ac- 
complished: AM/SQS-29. 29A-1 through 
9, 11. 12, 15 through 17, 19. and 20. 

Of these, the following field changes 
affect the maintenance actions: 
AN/SQS-29, 29A-19 and 20 

New maintenance requirements cards 
md maintenance index pages will be 
made available as future field changes 
are accomplished that affect the pre- 
scribed planned maintenance. 
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M-13 



It- 14 



Q-1 



S-1 
A-1 
C-IR 

R-1 
R-2 



M-11 



None 



None 



R-1 

None 

None 

None 
None 
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OPNAV FOItM 4700*3 (f/iS) 
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80-9/ 2-AS 



98*1 ?1 

Figure 9*l.r-Mai&t6iiattte Index page. 
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and overhaul cycle planned maintenance actions 
are to be performed. A cycle schedule also lists 
quarterly and situation requirement planned main- 
tenance actions that must be scheduled, as well 
as monthly planned maintenance requirements. 

Cycle schedules are utilized by department 
heads, in conjunction with their division officers 
and leading petty officers, to prepare quarterly 
planned maintenance schedules. A quarterly 
schedule is displqred in a holder, known as the 
maintenance control board, adjacent to the cycle 
schedule to which it pertains. A quarterly sched- 
ule gives a visual displi^ of the ship's employ- 
ment schedule and the planned maintenance to be 
performed during that particular quarter. A 
quarterly schedule has 13 colunms, one for 
each week in the quarter, for scheduling main- 
tenance throughout a 3-month period. 

At the end of each week, the leading petty 
officer of a division or maintenance group up- 
dates the quarterly schedule by crossing out 
(with an X) the preventive maintenance per- 
formed. If a planned maintenance action is not 
completed during the week it is scheduled, the 
leading petty officer circles the action on the 
quarter^ schedule. Uncompleted maintenance is 
then rescheduled for another week within the 
same quarter. 

At the close of each quarter, the applicable 
quarterly schedule is removed from its holder 
and retained on board as a record of the planned 
maintenance completed. This record may be 
discarded at the beginning of the second quarter 
after the next shipyard overhaul. 

A quarterly schedule also is used by a 
leading petty officer to arrange a weekly planned 
maintenance schedule for posting in an appro- 
priate workspace. The weekly schedule of planned 
maintenance should not be considered as the 
total of all work for a given week. This weekly 
work covers only scheduled planned maintenance 
and is in addition to other routine work, upkeep, 
and corrective maintenance to be accomplished. 
The weekly schedule provides a list of com- 
ponents in the working area^ appropriate page 
number of th6 PMS manual, and spaces for the 
leading PO to use In assigning planned main- 
tenance tasks to specified personnel. Daily and 
weekly planned maintenance actions are pre- 
printed on the forms, and the other maintenance 
actions are written in by the leading PO as re- 
quired. When the leading Pd ifi assured that a 
maintenance task Is completed^ he crosses out 
the maintenance requiremeirf^ nuniber on the 
weekly schedule. If for some reason a task 
cannot be conipleted on the d&y sohMuled, the 



leading petty officer circles the maintenance 
requirement number and reschedules it for 
another day. Current status of scheduled main- 
tenance is readily available by looking at the 
weekly schedule. 

Maintenance Requirement Card 

A maintenance requirement card (MRC) is a 
5 by 8 inch card on which a planned maintenance 
task is defined sufficiently to enable assigned 
personnel to perform the task. (See fig. 9-2.) 
A master set of MRCs is maintained in the 
departmental office. Cards applicable to the 
equipment in which Sonar Technicians are In- 
terested are maintained in the workspace. If 
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1. Calculate AII/8QM-2 voltage attenuation 
factor. 

2. Maaauro and obaarva tranamlttcr output 
pulaaa. 



1. Oibaarve etandard aafaty praceutlone. 

2. Shoi't acroii all tarmlnala of 190 tenilnal board to 
electrical ground, uelng a ehortlng probe. 



TOOLS. PARTI. MATtniAkt. TttT lOUlPWtMT 

1. Blectronlc oMltltaeter (VTVM), NE-6 ( )/U or equlvelent 

2. Audio oacilletor,. T8-3S2 ( )/U or equlvelent 

3. Oacllloacope, AR/USH-IOS or equivalent 

4. 1/2" Open end wrench 

3. Sound-povered phonee (2) 8. Vernlng tage 

6. Sound Maaeurlng Sat, AN/8QM-2 9. 4* Juniper lead 

7. Shielded teat lead (2) 10. Shorting probe 



Moctouet 

Voltage attenuation factor for AN/S()M-2 Serial 
li . 



tfOn It Above factor la obtained by perfornlng MR 1 of 
thie MIC. After thle fector h«i been obtained, 
aubeequent acconpliehnent of thle MRC tfill etert 
with MR 2. 



rreliilnarv 

a. twtn OFF and tag both aqulpaent POWER i«l tehee. 

b. Turn OTP ertd teg both voltage regulator atfitchee. 

c. Tom Off and tug bulltheed power twitch. 

1. Calculate AW/flQM«2 VoltMee Attenuetian fmct^r. 
a. RaeMwa cover on teminal aide of hull relay and 

Junction box. (Cable atufflng tubee are on right 

whan feeing terminal eide.) 
(Cont*d on Pege 2) 
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Figure 9-2. 



98.176 

-Maintenance requirement card. 
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a card In the workspace becomes lost or muti-- 
lated, a new card may be made from the master 
set and can be used until a feedback report Is 
sent In and a new card obtained. 

A maintenance requirement card is one of 
tte principal components of the PMS with which 
Sonar Technicians are concerned. Suppose that 
on a Monday morning an individual looks at the 
weekly schedule and finds that he is assigned 
the maintenance action identified as M-14. The 
weekly schedule indicates that this particular 
maintenance action is listed on page SO-9 of 
the PMS manual. The MRC that describes the 
task assigned is identified by the number com- 
bination SO-9, M-14 in the upper right corner. 
Inj^eparation for performing the assigned task, 
MRC number SO-9, M-14 is selected from the 
set of cards in the workspace. An MRC identt- 
fles each component; gives the rate and time 
^®^f^ to perform the maintenance; gives 
a brief description of maintenance required; 
cites safety precautions to be observed; and 
lists tools, parts, and materials needed to accom- 
plish the task. This information is given to 
enable personnel to be completely ready to 
perform all prescribed maintenance before 
actuaUy working on equipment authorized. The 
procedure described on the MRC is standardized, 
and is the best known method of performing that 
particular task. For purposes of time conserva- 
tion, any related maintenance requlremant in- 
cluded on the MRC should be done at the same 
time or in conjunction with the assigned task. 

The 16-digit number on the lower right side 
of the MRC is the bureau card control number, 
TMs number also appears on the MIP. Each 
MRC has a bureau card number, which must 
be referred to in any correspondence concerning 
the card. ^ 

In some ships, two or more divisions may 
have identical equipment. When dupUcation 
occurs, each division retains separate (but identi- 
cal) BfRC cards for the equipment. 

Feedback Report 

. A PMS feedback report. OpNav form 4700-7 
(ng. 9-3) is designed for reporting any dis- 
crepancies or suggested improvements in tiie 
Pm as installed aboard ship. This report Is 
to be flll^ out by the man who discovers a 
disorcMncy or suggests ah lmi*ovement. It is 
sigped by a designee of the commanding dfQcer. 
and Is mailed via the type conmiander to ah 
appropriate field o^oe listed on the rerverse 
side of the origtnatbr^s copy of the form. Atlantic 
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Figure 9-3. -PMS feedback report. 



Fleet ships use the Norfolk address; Paoific 
Fleet ships send reports to theSan Diego address. 

When submitting a feedback report, be sure 
it is filled out completely and legibly. If the 
purpose of submitting a feedback report is to 
correct a discrepancy, for example, cm a main- 
tenance requirement card, be sure the discrepancy 
is clearly identified, and that the recommended 
change is correct and readily understood. In- 
structions, for preparing the report are listed 
on the back of the form. 

MAINt^NANCE DATA COLLECTION 
SUBSYSTEM 

The Maintenance Data, Colleotion Subsystem 
Is intended to prodde a means of recording 
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maintenanoe actions in substantial detail so that 
a variety of information may be coUeoted con- 
cerning maintenance actions and performance 
of equipment In addition to the foregoing informa- 
tion, MDCS furnishes data on initial discovery of a 
malfiuiction, how equipment malftmctioned, how 
many man-hours were expended on its repair, 
equipment involved, repair parts and materials 
used, delays incurred, reasons for delay, and 
ttie technical specialty or work center that per- 
formed the maintenance. 

In recording maintenance actions, codes must 
be used in order to convert information to a 
language that can be read by automatic data 
processing machines. Codes are listed in the 
equipment identification code (EIC) manual. Third 
class petty ^officers are required to prepare 
numerous maintenance forms, using appropriate 
EICs. These forms are sent to a data processing 
center ynhffte coded information is punched onto 
cards, which then are macliine-processed to 
produce various reports for use in maintenance 
and material management. 

Reports coming firom the automatic data 
processinff machines are accurate and usefiil 
only if information is entereil clearly and cor- 
rectly on maintenance forms. All codes supplied 
on the forms must therefore be accurate and 
clearly written. 

The BfDCS requires that coded entries be 
made on OpNav forms 4700-2B (shipboard main- 
tenanoe action), ppNav form. 4700-2C (work re- 
quest) , and OpNav form 4700-20 (deferred action) . 
Detailed descriptions of entries I6r these fbrms 
appear In the EIC manual and in chapter 3 of 
the 3-M Mujjal, OpNav 43P». 



POUSSE PROGRAM 

Although the 3-M system has been imple- 
mented in all inajdr type conunands, some ships 
do not yet have the syiltem in bperation^ or only 
part of the system. Aboaird ships that do not 

*^T*^/.i21? ^ ^ Inoperation, the 

old POMSEE program stiU must b6 carried out. 
The short tiU6 POMSE)S is fbtmed froin the 
underline letters of the tenki Performahce. 
Operation, and Malntdnande Standards Ibr Elec- 
tronic Equipment. This tide is an acdurate 
self-description of the oonieitti 6f POMdEE 
pubUcations. The POliSEE ^licatlow include 
Performance Standards Sheets and Maintenanoe 
Standards Books for eladtronio equipment. 

Pdlrfoni^lttQie artandai^ slvtets are filled out 
by teohniciatis wh^ dquipniAnt is initailed aiid 



immediately after it is overhauled. A minimum 
value is set by the cognizant command for certain 
performance characteristics that must be obtained 
before the equipment is considered satisfactory. 

Maintenance Standards Books provide methods 
for measuring the performance of a specific 
equipment. These books have space for recording 
the measurements, and give a preventive main- 
tenance schedule for the equipment. The Main- 
tenance Standards Books do not teU how to 
locate trouble in the equipment. The applicable 
technical manuals must be consulted for methods 
and practices of troubleshooting. Maintenance 
Standards Books are in two parts: Part I— 
Reference Standards Tests, and Part n— Pre- 
ventive Maintenance Checkoff. 

Part I contains itemised step-by-step pro- 
cedures for making tests, enabUng the person 
making the test to record significant operating 
values taken while the equipment is operating at 
peak efficiency. Upper and tower limits or 
tolerances are given so that an indicatton is 
immediately apparent if performance falls below 
the prescribed limits. Illustrations are included 
to show test point locations. 

Part n contains maintenance steps that must 
be performed at regular intervals. These steps 
include tests on circuits and components, and 
they specify what and iNhen other routine main- 
tenanoe (such as lubrication) should be accom- 
plished. Part n enables the operating personnel 
to perform checks and preventive maintenance 
in a systematic manner. In general, the steps 
outlined in part n are the same as those used 
in part I to establish the values representing 
equipment operation at peak efficiency. All checks 
should be performed by the operating personnel 
insofar as possible. 

A distinction between performance standards 
and reference standards should be pointed out 
at this time. 

Performance standards set forth in the per- 
formance standards aheets must . be. met when 
equipment is installed. When it isi^stabUshedthat 
the equipment meets the performuge standards, 
reference standards are taken 'by a qualified 
person and are entered in ink' Ih the reference 
standard column in part I of the Maintenance 
Standards Book. 

Upon obinpleting each preventive maintenance 
check proMribM, r^ should be entered in the 
time schedule table accompanying each chart* 
Entries In these tables are of prime importance, 
liecause they indicate i^ether the equipment is 
performing at maximum efficiency. Comparison 
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of a given reading with readings obtained pre- 
viously. and with the initial reference standard 
test indications (part I), will reveal any signifi- 
cant change. It is e3q)ected that from time to 
time readings will show some changes. Minor 
variations do not necessarily mean that the 
equipment is not operating properly. If, however, 
a particular step shows a reading that varies 



progressively in the same direction every time 
the check is made, it is an indication that the 
equipment is not in top condition, that a failure 
may be about to occur, and that corrective 
measures should be taken. At such times the 
technician should refer to appropriate manu- 
facturers' instruction books for service and 
r^air procedures . 




CHAPTER ^0 

SAFETY; TEST EQUIPMENT; TEST METHODS 



Sonar Technicians must assist In the upkeep 
5 soo" equipment aboard their 
8tiJlon. Consequently, you must become 
Jammw wltii tl» types of test equipment, test 
methods, and safety precautions to be observed 
when using or working on electronic equipment. 
Naturally, a knowledge of electronics Is required 
also. Mormatlon related to the electronics field 

^ Introduction to .F:l lW>trn«<«a 

Nav^rs 10084; BasioEieobTOios, NavPe5ilo687 
^ Basic Eleotrio%, tm.^p^^ Unoc ^nfurma 
tton on the selection, care, and use of hand and 
portable power tools Is contained I n Basic Hand- 
to^, NavPers 10086. 



SAFETY 

Maintaining electrical and electronic equipment 
Is a dangerous business. Every year, lives are 
lost aboard ship due to electric shock. Several 
cases of fatal shook have been recorded from 
using such equipment as portable drills and 
grinders,, fans, movie projectors, and even coffee 
pots. In most Instances, death would have been 
avoided by olMServlng appropriate safety precau- 
tions. Most men will treat with esctreme caution 
a circuit containing several thousand volts, but 
will act With Indifference toward the common 
household variety. Yet, 116 volts a-c Is the prime 
source of death from electric shock. You must 
continually be alert when working with eleotrlclhr. 
and you must adhere strictly to all pertinent 
safety precautlGos. 

Although some safety practices are given In 
ttls chapter, you should become familiar with 
the safety instructions contained In the followlns 
pubUoattons: Naval Shins Te ohnloalMiumiii. nhinS 
tor 9670J HanoDooic of Te at Methods anri pfSbtloes . 
Nav^ps OtmY-000-0130; and Safety Preoiditionk 
for Shore AtiUviti^. tt.^ P^a466. Anlndexol ' 
Navy Departtneht dooiittients contalnliut safetv 
precautions fq^pUoaUe to ths operaUngtorces,te 
contained in QpNav Nottoe 6l00r V 



GENERAL SAFETY PRECAUTIONS 

Whenever possible, deenerglze the main power 
Input to any equipment before you work on It. 
Remember, thou^, that there still may be power 
In the equipment from such external sources as 
synchros, remote Indicator circuits, and stable 
elements. When you open the switch In the main 
supply line (or any other power switch). Indicate 
the switch is open by attaching to it a tag reading: 
"This circuit was ordered open for repalwand 
shall not be closed except l^directorder of (your 
name, or name of person in charge of repairs).'* 

If you must work on an energized circuit, 
observe the following safety precautions. 

1. Never work alone. Have another man, 
qjiallfled in first aid for electric Shock, present 
st all times. He should also be instructed in how 
to secure the power. 

2. Use insulating rubber matting. The matt- 
ing must be kept clean and dry. Wear rubber 
gloves, if possible, and use insulated tools. Re- 
move rings and watches. 

3. Use only one hand ivhenever possible. Keep 
the other hand behind you or in your pocket. 

4. Do not indiscriminately stick your hand into 
an enclosure. 

6. Have ample illumination. 
6. Never short out, tamper with, or bypass an 
Interlock. 

Before working on a deenergized component, 
discharge all cqpaoitors in the unit. A capacitor 
is a device f6r temporarily storing electrioal 
energy. Successive small charges are built up 
in the capacitor for later release. Sonar trans- 
mltUng equipments utilize this feature tqrbuUdlng 
^p electrioal energy in the equipment's capacitor 
bank between each ping. A trigger pulse then 
releases the energy in a single hl|^-powered 
pulse. Nearly all types of electronic equipment 
use capacitors of varying sizes and types. 
Normalty, the larger the capacitor, thehidierthe 
idlectrical charge it will hold for a greater length 
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1.1(71) 

Figure 10-1.— Shorting bar. 

of time. On many electronic equipments, charges 
upwards of 14,000 volts are present. UsuaUy, 
such large charges are discharged by mechanical 
means when the equipment is opened. Many 
other ccq;)aoitors» however^ must be discharged 
manually by the man working on the circuit. 

To drain capacitor charges, the device you will 
use is the shorting bar, shown in figure 10-1, 
The shorting bar usually consists of a copper rod, 
which has an insulated grip on one end. A heavy 
braided cable is soldered to the rod near the grip. 
On the free end of the cable is a battery clip. 
When using the shorting bar, first secure power 
to the equipment, clamp the cable clip firmly to 
the frame or other good ground, then discharge 
each capacitor by holding the insulated handgrip 
and touching the terminals of the C4>acitors with 
the copper rod. Always ground the capacitor at 
least twice, because the capacitor«s charge may 
not be completely drained by one application of 
the shorting bar. 

Practically all electronic equipments have a 
metal grounding strap connecting the equipment 
chassis to the ship's hull. The purpose of the 
grounding strap is to plaoe the equipment's frame 
and the hull at the same electrical potential, thus 
permitting personnel to touch the equipment with- 
out danger of receiving an electric shook. As 
you know, a difference in potential is what causes 
current to flow. If a component should develop 
a short to ttie chassis, the short-circuited power 
will bleed off, to ground throu^ the str^p, if 
there Is a f aulty or open ground str^p connection, 
however, a potential difference is established. 
Should you then cdnie in contact with the equlpmtot, 
you become thd ground 8tr^>, li^ether words, 
the current passes ttom the equi|iment througji 
yoti to ground, resulting in an electric shock- 
possibly a fatal erne, irbii most ehstebe, tiierefore, 
that all ground doiiheotibns are ti^t and free of 



foreign matter, such as dirt, grease, or paint, 
that mig^t interfere with the required metal-to- 
metal contact at the ground connection points. 
Fuses are another source of potential danger 
to the careless Sonar Technician, The purpose 
of a fuse is to protect electric circuits and com- 
ponents, A fuse blows because more current 
than the fuse can handle tries to pass through it. 
The cause of the current overloadmay be a momen- 
taiy surge in ship's power, or it may be a short 
circuit. Whatever the cause, two precautions must 
M observed when replacing fuses. First, use a 
fuse puller, even if power is scoured, (Although ' 
it is desirable to secure power to the affected 
circuit, it is not always necessary or practical 
to do 80,) If you were to use a screwdriver, 
pliers, or your bare fingers, great harm may be 
done If you contact adjacent live circuits. Second, 
always replace a fttse with one having the same 
rating. Substituting a higher rated fuse may cause 
serious damage to the equipment. If the circuit 
does not burn out, dangerous potentials may exist 
that normally would not be present, thus endanger- 
ing servicing personnel. 

Cathode ray tubes (CRT) are used in all sonar 
equipment. They are of ru^ped construction, and 
normally have a long life,Tiiey do require replace- 
ment from time to time, hinvever, and a few pre- 
cautions must be observed in handling them, A 
CRT must be handled gently to prevent breaking 
it and to avoid displacJ^ its internal elements. 
Always plaoe a CRT face down on cushioning 
material. If the tube is broken, don't handle the 
glass with bare hands because the tube's inner 
surface is coated with a toxic material. Gloves 
and special face masks are available for wear by 
personnel handling CRTs, 

SAFETY WITH POWER TOOLS 

Hazards associated with the use of portable 
electric power tools include electrical shook« 
bruises, oute, falls, particles in the eyes, eiq[>lo- 
sions, and the like. All Sonar Teohnicians should 
become familiar with the safety practices con- 
tained in N avShips Technical Manual , chapter 
9600, section II, Following are some of the gen- 
eral safety precautions you should observe when 
working with power tools, 

1, Ensure that the tools are grounded in 
accordanoe with articles 60-26 through 60- 
27 and 66-29 of the NavShips Technical 
Manual. ' 

2, Avoid, if possible, using spliced cables. 
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3« Carefully inspect the oord and plug. If the 
oord iB frayed, or the plug appears damaged, 
replace them, 

4, If an extension cord is used^ connect the 
cord of the power tool Into the extension 
cord, then connect the extension cord into 
the power receptacle. When your work is 
finished, unplug the extension cord from the 
power reoeptable, then unplug the cord of 
the power tooU 

6. Wear safety goggles for protection against 
particles that mi^t strike your eyes, 

6, See that the cables do not present a trip- 
ping hazard* 

ELECTRIC SHOCK 

Electric shock is a Jarring, shaking sensation. 
You may feel as though someone hit you with a 
sledgehammer, Althou^ usualty associated with 
high voltage, fatal shocks often are received from 
116 volts or less. If your skin resistance (which 
varies) becomes low enouj^, a current of 100 
milliamperes (,100 ampere) at 116 volts, sus- 
tained for only a couple of seconds, is sufficient 
to cause death. 

Symptoms and Effects 

The victim of an electric shock is very pale;* 
his skin is cold and clammy. His breathing (if 
he is breathing) is irregular, shallow, and rapid. 
He may sweat profuselyy and his eye pupils will 
be dilated. In some oases he will be unconscious, 
and have an extremely weak pulsey or no pulse. 
In severe oases he will have no heartbeat. Vital 
organs in the path of the current may be damaged 
(usually due to heat) and nerves paralyzed. 

Rescue and Treatment 

The first thing to do for a victim of electric 
shook is to remove him from contact with the 
circuit. The best method is to open the switch, 
if you dan do so without too much delay. If an ax 
is handy and the power cable is aicce'ssible, the 
cable can be out, assuming that it would take, 
too loj^ to fifxd the proper switch. If there are no 
ready means for cutting the power, use any dry 
nonconducting material to pull the 'man free; a 
belt, olothlngi a piece of linfl^a wooden stick, or 
a 8ouhd-^ix)wereid phdri&ooifd^Bde^^ 
that Sibii^^^^^^d^^ a ^o^tii>>ta . 

the treatment, to give a shook victim depends 
on his cdndltion-whether be is breathing or not. 



The following care is prescribed when the man is 
breathing, 

1, Lay victim on his back, with his he ad lower 
than his feet. Loosen the clothing about his 
neck and abdomen so he can breathe freely. 
Keep him warm, but not hot, SUMMON 
MEDICAL AID. 

2, Keep the man still. Electric shock weakens 
the heart, and any muscular activity on his 
part may cause the heart to stop function- 
ing, 

3, Normally, no liquids should be given. Never 
give stimulants nor sedatives, 

4, If the necessary materials are available, 
Bpply a small amount of vaseline to his 
burnSy and cover with a sterile dressing to 
prevent infection. 

Resuscitation 

If the shook victim is not breathing, immediate 
efforts must be made to revive him, even though 
he may i^ar to be dead, (Victims of severe 
electric shock sometimes s^pear as though rigor 
mortis, has set in,) The effort must be continued 
until medical personnel can take over, or until a 
competent person declares the victim to be dead. 
Speed in beginning artificial respiration is of the 
utmost importance. Figure 10-2 shows that the 
victim's best chance of survival depends on 
beginning resusoitaticm within 6 minutes. 

The mouth-to-mouth method of artificial 
respiration is preferred, Nextinpreferenoeisthe 
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Figure 10-2,— Importance of speed in oonuneno-* 
ing artificial respiration. 
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baok-pj-esBure, arm-lift method. Dt^lallod InT^r- 
mation oa administering artificial resplratJon can 
be tc^u/X In St aniiard Fir st Aid Trai ning Coara e. 
NavPere 10081, md in llandbook c f test Method^ 
and PraotlasB,^ section 1, ^Vhlche i'nr method you 
use, the Important obiectlve «s start immedi- 
ately. 

TR3T Jt^^UIPMENT 

Electrical equlpiiwnt is designs .1 to operate 
at certain efficiency levelB Techniaal iDr.fci-uc- 
tlon books and sheets contf * .Ing optiroimx per- 
formance data—such as voltagee and resistances 
--are prepared for each Navy equipment. The 
Ini9truction8 aro intended to aid the tfechnlcian 
in malritaliflng tne e.juipment. 
• As a Sonar Technician, you will work with 
j ammetejTe', voltmeters, ohmmeters, an>1 electron 
1 tube analyzers. You also inajf have occasion to 
use such ecpiipment as w^Mnciters, power factor 
' meters, oapacHance'-resistanoe-inductance 
lodges, csciUoBcopes, aignei generate iS',, and 
other ^s of test equipment. Bsjsio movements 
and construction of measuring devices are die- 
' cussed in Basic Electricity. 

GROUNDING TEST EQUIPMENT 

Equipment that measures electrical values of 
component parts must never assume a ground 
level different from that of the chassis of the 
component. One reason IS that measurement of 
an electrical value of a component, by an equip- 
ment having its own ground level value, would 
til possibly r6flect thd difference in potential be- 
tween the component and the test equipment. 
The other reason is that If the ground level of 
the test equipment differs from that of the com- 
ponent being measured, a condition of electrical 
hazard may result, and maintenance personnel 
may be shooted. For the ground levels of the test 
ejpjipment and component parts to be the same, 
all electric and electronic test equipment must 
be grounded. Self-cotttalned test equipment, such 
as multimeters, have two test probes and one 
{pounding cable. When the ground^ cable is 
atta^ed to the component being tested, it is as 
ttough the test equipment were part of the chassis 
of the component. Touching the test equipment 
in one hand and the chassis of the component in 
2L?t®fi.*** Itt: Itself, result in electric 
shodc If the grounding cable IS attiohed securely, 
^ Externally powered equipinent^ such as a tube 
S^!?'S: to the fraine of tte ship 

thtough a Standatd thtee-wlre elebtricai cord 



and plug. A firm connection to the power recep- 
tacle, is all that is needed to ground such equip- 
ment so that it will be safe to the touch, other 
equipment— perhsqps older or repair« i test equip- 
ment-may not be equipped with the ihree-wlre 
°t"^.A " ^° equipped, the test equipment 
should be grounded, with a separate cable runnir..K 
from its chassis or bousing to the frame. AIwpvp 
Check to see that the ground connectliio firm 
and that it is sufficiei-t to take my electrical 
load si-ppliod to it. w«"iwbi 

'VOLTMETER 

The \ oltage of a circuit, or the voltage drop 
across pait of a circuit, is measured v-ith a 
voltaneter. Various voltage ranges are obtained 
^ addtag resistors of differs ? values lu scries 
wxth the coil of the jr.eter's movement. The 
voltmeter a?fer»,<;?ly isacurrent-measuringinstru- 
me'it. but it uHJlcates voltage through measure- 
ment of the current flow through a resistor of 
knosffl value, x^'hen using avoltmeter, the foUowlnir 
precautions must be observed to prevent damage 
to the meter: 

1. Observe proper polarity in connecting the 
meter to the circuit. 

2. Always connect the meter across (parallel 
to) the circuit component being tested. 

3. Use a range (scale) large enough to pre- 
vent fuU-scale deflection of the needle. 

The rtccuraoy of the voltage readings depends 
on the sensitivity of the meter. Sensitivity is the 
meter's internal resistance, measure;? in ohms 
per volt. A low-sensitivity me.er will indicate 
erroneous values when used In a i»iri\-resistar.f3e 
circuit due to the loading effect ot the metai. 
Because the meter is connected tr. paraUel, the 
total resistance of the circuit is reduced and the 
amount of current is Increased:. The following 
examples show how meter canslUvlty affects 
accuracy. ' 
• Figure 10-3 shows a series circuit. The value 
of resistor Rl is 50,000 ohms, thatofR2, 100,(100 
ohms. Source voltage is 150 volts. The circuit 
has a current of .001 ampere, as determined by 
Ohm's law, whld. neans that 50 voUs is dropped 
across Rl, and 100 volts is dropped across R2. 
when you place a volteieter across R2, will it 
read 100 volts? MayW„ Assutne the meter has a 
sensitivity rating of lOOO Obnls per volt, and you 
U85 Jje O-lOO-Volt soisle. The meter resistance 
iS 100,000 ohms:. Wheja you conneot the meter 
across R2, you h^ve tvw 100,000-ohm resistors 
to parallel, and the equivplentreslstanoe becomes 
60,000 ohms, (The' total resistiinrii of twoparallel 
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Figure 10-3.- 
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•Effect of sensitivity on meter 
aocuracy. 

resistors equals their product divided by their 
sum. It is always less than the value of the small- 
est resistor.) The total circuit Resistance is no 
longer 150,000 ohms, but 100,000 ohms, and the 
total current flow is .0015 ampere. By flying 
Ohm's law you can see that the meter will read 
75 volts. (If the meter had a 0-500-volt scale, 
you would get a reading of about 90 volts.) 
• Now use a more sensitive meter, one rated 
at 20,000 ohms per volt. The internal resistance 
of the meter is 100 times 20,000 or 2,000,000 
ohms. The equivalent resistance of R2is i^oxi- 
mately 95,000 ohms, total circuit resistance is 
145,000 ohms, and total ourrentis .00103 ampere. 
The meter will now indicate about 98 volts across 
R2. 

OHMMETER 

The ohmmeter is used to measure resistance, 
check circuit continuity, and test for grounds. 
It has a self-contained voltage source. Because 
the olunmeter is a resistance measuring device, 
you must deenergize the circuit under testbefore 
you connect the ohmmeter, otherwise serious 
damage will result to the meter*, 

The resii9tahce measurihjg capabilities of the 
ohmmeter are controlled by fixed resistors of 
different values oonhebted in series With the 
meter's movement. Oh some oiumheters, scale 
selection is addomplished With a selector switch; 
on others, separate test lead Jack connectors are 
used to obtain thd desiired sdale. 

to ensure ah (BU>cur^reac^ 
be 2el^oea to &6 ecale ucied. Zetbihg is adeem- 
pUshed ^ 8h6rti!ii*the tdk and 
adjuistlng the vairiiibie i66iBtbt labeled '^ohms 
zero adJusV^ ib,^ pbiili^i* With, the zeto 
naark th^' did. WheheVer ,yc^ scales, 
iiie mbfer ihiist be ^x'oed aifUii. 



MEGOHMMETER 

An ordinary ohmmeter is incapable of measur- 
ing resistance of millions of ohms, as found in 
conductor insulation. To test for insulatim break- 
down requires a much higher potential than is 
furnished by an ohmmeter. An instrument known 
as a megohmmeter (called megger) is used for 
these tests. The megger suppUes ttie required 
high potential by means of a handcranked d-c 
generator. Meggers usually are rated at 500 volts, 
althoup^ higher rated types are available. To 
avoid excessive test voltage, the megger is 
equipped with a friction clutch between the hand- 
crank and the generator. When the generator 
is cranked fast enough to exceed its rated value, 
the clutch slips. As with the ohmmeter, power 
must be removed from the circuit under test 
before connecting the megger. 

MULTIMETER 

The multimeter is a multipurpose meter that 
can measure resistances, a-c and d-c voltages, 
and d-c mlUiamps. Its versatility and poriablllty 
eliminate the need for carrying several meters for 
test purposes. The usual precautions must be 
observed when making resistance and voltage 
measurements. When measuringd-c voltage, pro- 
per polarity must be observed. The face of the 
instrument has separate graduated scales to Indi- 
cate the three values that can be measured. Be 
sure you read the proper scale. 

TUBE TESTER 

Electron tubes often are the cause of equip- 
ment failure. They may burn out, or their elements 
may become shorted or broken owing to vibration. 
Even new, unused tubes are subject to damage, so 
you should always test a tube before inserting it 
into a circuit. The tidst instrument you will use 
is the tube tester. Its usual application is to 
measure the mutual conductance of a tube, which 
is an indication of how well the grid can control 
plate curj^isnt. The tub6 tester also can measure 
the emission of rectifier tubes, test for shorts, 
and tell if a tube has become gassy. | 

OSCILLOSCOPE ' 

The osciUosdope is one of the most valuable 
pieces of test equipment available to the SOfikr 
Tdbhniolan. With the oscillosoope you can d^ter* 
mhie a signal's frequency, pulab width an^ampU'^ 
tude, measure voltages and^hase relations, and 
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Figure —Block diagram of a CRT osoiUo-- 
scope, 

observe signal waveforms. The latter use ispar- 
tioularly helpful, inasmuch as many technical 
manuals include (in their servicing block dia- 
grams) waveforms at various test points. 

The psoillosoope (fig, 10-4) consists of a 
cathode ray tube, vertical and horizonta:i beam 
deflecting circuits, sawtooOi voltage swcap cir- 
cuits, and necessary pow<9r supplies. The signal 
to be obeeryed(a8inewave,for instance)ijB iqpplied 
to the vertical defleotioh plates. If that were the 
only signal applied, iOl you would see on the scope 
would be a straight, vertical line. To have the 
sweep confonn to the sine wave voltage on the 
vertical deflection plates^ a sawtopth (linearly 
increasing) voltage is appUed; simultaneously to 
the horizontal deflection i^ates, tfae-resiiltisthat 
the sweep moves across the scope' at a uniform 
rate, following the fluctuations of the signal applied 
to the vertical plates. When the sawtbotti signal 
reaches its outoff point, the sweqp returns rapidly 
to its starting point, to await the next sawtooth 
signal. The measurement ; of frequency, calibra- 
tion, and other special situiations requires the use 
of a synolurospq^^ Whidi is an osoi^ witti 
special cirouits added, such as sweep triggers and 
marker generators. The: sweep oomm 
when a Bignal.is xedeivikl, OsolUoscopes andsyn- 
bhj^oqpes are eiq[>lained in detail in Handbook of 
Test Methods and Praotioes , and Basio Eleo^ 

TEST METiaODS 

IVhenever a piece > of sonar eqiUinnent breaks 
dc^, it may be your ]6b to locate the trouble and 
restore tiie faulty: circuit tO;^ts,proper operating 
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Figure 10-5, —Troubleshooting procedure, 

condition. The means hy vMch you will find the 
faulty component is called troubleshooting, which 
consists of logical testing methods. Troubleshoot- 
ing aids you will use are troubleshooting charts, 
servicing diagramis, and voltage and resistance 
charts. 

Troubleshooting charts list various equipment 
malfunctions, their probable cause, and the neces- 
sary corrective action. Servicing diagrams show 
test points, desired waveforms, proper voltages, 
and other related servicing information. Voltage 
and resistance charts show the normal voltage and 
resistance valuesatthepinsof connectors and tube 
sockets. 

Although much of the equipment you are 
required to maintain is quite complex, and you may 
feel that it is beyond your oq;>ability to keep it 
qpsrative, the Job usually becomes much easier if 
it is first broken up into successive, logical steps. 
Figure 10-5 shows a general troubleshootingpro- 
cedure, steps 1 throu^ 5 are to be followed in 
locating the trouble. Steps 6 and 7 are carried out 
in making repairs. Sometimes steps 2, 3, 4, and 5 
may be eliminated, but never steps 6 and 7, 

TEIUUMAL DESIGNATIONS 

When carryli^; out your troubleshooting pro- 
cedures, you will find ttiat many test points are 
looated^ion terminal boardp. Wiring diagrams, 
which aid you in tracing a bitcuit from one unit to 
another, indicatp the terminal connections of each 
circuit in each imit. You must understand, there- 
fore the system used for marking terminal boards 
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and conduotorst as set forth in Dictionary of Stand- 
ard Ternoinal Designations for Eleotronic Equip- 
mentj NavStups 900tl86^ 

Terminal Boards 

Terminal boards are marked with a 3- or 
4-dlgit number preceded the letters TB. The 
first 1 or 2 digits nof the TB number represent 
the unit number in the equipment. This number is 
assigned the manvifaoturer in a logical order. 
The last 2 digits represent the terminal board 
number in a unit, starting with 01* 02, 03, etc. 
Thus, terminal board TB 1003 indicates the 3rd 
terminal board in the 10th unit of the equipment. 

Terminal Markings 

Markings of terminals on terminal boards 
indicate a specific function for the following 
circuits: (1) common primary power circuits, 
(2) ground terminals, (3) conunon servo and 
synchro circuits, (4) video circuito, (5) trigger 
circuits, and (6) audio circuits. The breakdown 
of these categories into specific functions, with 
the terminal designation of each, is listed in 
NavShips 900,186. They are called ri^dly assign- 
ed designations. 

Ternolhals whose functions do not fall imder the 
categories listed are assigned designations by the 
equipment manufacturer in accordance with Nav 
Ships 900,186. They are manufaoturer-assipied 
designations. Only terminals that are connected 
together externally have exactly the same desig- 
nation within any i^ven equipment. 

Conductor Marking 

On the conductor lead, at the end near the point 
of connection to a terminal post, spag^tti sleev- 
ing is used as a marking material and litusulator. 
The sleeving is engraved with indelible ink, or 
branded with identifying numbers and letters by a 
varitype/ machine, and slid over the conductor. 

The order of marking is such that the first 
appearing set of numbers and letters, reading 
from left to r ig^t, is the designation corresponding 
to the terminal to whioh .that end of the wire is 
connected. A dash follows the terminal designa- 
tion, and then the number (without TB) of the ter- 
minal bpard to vMch the other end of the conductor 
is attached. There is another dash and the designa- 
tion of the particular ternilnal to which the othnr 
end of the wire is connected. 

Figure 10-6 shows how terminal boards, ter- 
minals, and conductors are marked. The. lower 



^TCRMMAL MMRO 




UN1T#4 



UMT#| 




' 70.6 
Figure 10-6.~ Conductor and terminal markings. 

portion of the illustration, for example, shows a 
conductor running from terminal 2A on TBIOI 
to teminal 7B on TB401. The spaghetti sleeve on 
the conductor attached to TBlOl is marked 2A— 
401— 7B, indicating the other end of the conductor 
is attached to terminal 7B on TB401. The sleeve 
at terminal 7B of TB401 is marked 7B— 101— 2A, 
indicating the other end of the conductor is 
attached to terminal 2A on TBIOI. If you must 
remove a conductor from a terminal, the first 
set of letters and numbers tells you to which ter- 
minal it must be reconnected. 

Cable Marking 

When doing maintenance or repair work, you 
may have to trace a cable from one section of the 
ship to another, examining the cable for damage 
that mig^t be the cause of equipment breakdown. 
CaUes are identified 1^ metal tags that give in- 
formation on the cable's use. Tags are attached 
to the cable as close as practlbable to each ter- 
minal cohnectiont on both sides of decks and bulk- 
heads, and at intervals of about 50 feet. Colored 
tags formerly were used to classify the necessity 
of the cable, and you may still see some of them. 
Red indicated a vital circuit, yellow asemivital 
circuit, and gray a nbnvital circuit. 

The cable designation information is a combi- 
nation of letters and numbers, consisting of a 
service letter, circuit letters, andcable numbers. 
Apical cable designation is R—SK3. The service 
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letter (R) means the cable supplies electronic 
equipment; the circuit letters (SK) denote scanning 
sonar; and number 3 means it is the third cable 
in the scanning sonar circuit. A complete list of 
cable designations may be found in chapter 9600 
of NavShips Technical Manual. 

CABLES 

Insulation resistance tests (ground tests) must 
be made periodically to determine the cable's 
condition. Tests also should be made when the 
cable sustains physical damage, when cables have 
r been disconnected for circuit or equipment 
changes, after shipyard overhauls, and when the 
cable has been subjected to oil or saltwater. The 
500-volt megger is used for making the tests. 
Following are the recommended test procedures, 

1. Disconnect the cable from the equipment. 

2. Measure the resistance between the cable 
. armor and ground. A zero reading should be 

obtained. 

3. Connect all conductors in the cable together, 
and simultaneously measure their resis- 
tance to ground. If the readingis at or above 
the acceptable minimum, no other readings 
need be taken. (Usually 10 megohms indi- 
cates an acceptable condition, but mini- 
mums vary according to cable length, 
and temperature; consult the appropriate 
Instruction book for the equipment.) If the 
reading is below the accepted minimiunt the 
conductors must be separated and tested 
individually to isolate the faulty conductor. 

RESISTORS 

A resistor is a device used to limit current 
flow. It is of either the fixed or variable type. 
Resistors are tested with an ohmmeter after the 
resistor is disconnected from the circuit. This 
action prevents dsunage to the meter fromcirouit 
voltage, and ensures that only the resistor being 
tested gives a reading on the meter. Before con- 
ducting the test, set the meter to the proper scale, 
touch the ends of the meter test leads together, 
and adjust the meter to obtain a zero reading. 

Fixed Resistors ' 

Fixed resistors may be made of wire, wound 
on a core and coated with ceramic, or they^ay 
be made of carbon« They have either axial or ' 
radial leads, and have a wattage rating according 
to the amount of heat they dissipate. In ge^ 



Table 10-l,^standard Color Code for Resistors 



Color 


Significant 
figure or 
number of 
zeros 


Decimal 
multiplier 


Resistance 
tolerance 


Black. . . . 
Brown . 
Red 


0 
1 
2 




Percent ± 


Orange. . . 
YeUow . . . 
Green . . . 
Blue .... 
Violet . . . 
Gray .... 
White. . . . 
Gold .... 
Silver . . . 
No color . . 


3 
4 
5 
6 
7 
8 
9 


0.1 


5(J)* 

10(K)* 

20(M)* 



♦Symbol designation alternate for color 
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carbon resistors are rated at 1/2 to 2 watts. 
Wire-wound resistors usually are rated above 2 
watts. 

Resistance value is indicated by colored mark- 
ings on the resistor. The standard color code 
given in table 10-1 is used to interpret the resis- 
tor markings. With only slighteffort you should be 
able to memorize the color code in a short time. 

A resistor always has three (sometimes four) 
resistance value indicators. Two methods are used 
to color code fixed resistors. In figure 10-7, the 
axial lead type is shown to the left; the radial lead 
is shown on the right.- Resistance value is deter- 
mined as follows: color A indicates the first sig- 
nificant figure, color B the second sipiificant 
figure, bplor C gives the multiplier (numbei* of 
zeros), and color D is the percentage of tolerance. 
If there is no fourth color, the tolerance is 20 
percent. Assume that an axial lead and a radial 
lead resistor each has the following color code 
marking: A— red, B— green, C--orange, and D— 
gold. Referring to table 10-1, you find that the 
first significant figure is 2, the second significant 
figure is 5, ahdthe multiplier is 1000 (three zeros). 
The resistance vatae is 25,000 ohms, or 25K as 
it sometimes is marked on a schematic diagram. 
The tolerance is 5 percent. 
. A fixed resistor is tested by placing an ohm- 
meter lead on eacdi resistor lead. For the resistor 
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Figure 10-7,— Color code for axlal-lead and 
radial-lead fixed composition resistors.. 

used in our example, a reading of 24K to 26K 
would be acceptable. 

Low-power» wire-wound resistors have axial 
leads» and are color coded similar to the regular 
axial lead resistor, except that band A Is double 
width. 

Variable Resistors 

Variable resistors are of two general types. 
They may be rheostats or potentiometers. 

A rheostat normally is used to adjust the cur- 
rent in a circuit without opening the circuit. Some 
rheostatSg hoWever» are so constructed that the 
circuit may be opened also. In generalg arheostat 
has two terminals. One terminal Is connected to 
one end of the resistance element; the other, to 
the sliding contact. As seen in figure 10-8« the 
resistance element Is ciroiilar in shape and Is 
maide of resistance wire wound around an insulat- 
ing form that usually is of a ceramic material. 
The resistance is decreased by rotating the wiper 
toward terminal 1. 

To teist a rheostat, ypu first must disconnect 
it from the circuit. An ohimneter is used to mea«^ 
sure the reslstwce between' 1 and 2 

(refer to fig;. 10-8), withilielwi^F^^ rotated all the 
way to terminal 2. This Mtt^ gives total resis- 
tance. Moying^^ wli^ 

mlnal 1 shows an eyer-debreasing reslstanoe 
until a reading of zero is obtained. If a reading of 
inaximunii shows <» the me(»r during thiis^p^ 
of rotating thb wiper tdward tennlnal 1, it means 
the wiper is not making proper bbntact at that 
point;: ■ ' : - ^ 

Tlie potentiometer (often balled k ''pbt'O is a 
control Instfmentu^edl^ the'aitnountof • 

voltage aiqplied to an electrical device. The term 
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potentiometer customarily refers to any adjusta- 
ble resistor having three terminals, two of which 
are connected to the ends of the resistance element 
and the third to the wiper contact. The potentio- 
meter is Illustrated in figure 10-9.Bypoi9itlonlng 
the sliding contact, any desired voltage within the 
range of the potentiometer may be selected and 
used where needed. As a rule, potentiometers are 
constructed to carry smaller currento than rheo- 
stats. 

Potentiometers are measured in much the 
same way as rheostats. When disconnected from 
the circuit, they may be tested with an ohmmeter 
by measuring for total resistance between termi- 
nals 1 and 2 . Applying one lead to terminal 3 and 
the other lead to either terminal l or 2 and moving 
the wiper resulte in a smoothly increasing or 
decreasing variation in resistance. 

COILS 

Coils used in electronic circuitry are of many 
types. Among the types are the inductance coil, 
which is used to oppose changes in current or fre- 
quency; field and armature cdls, as used in motors 
and generators; and solenoidcoils, which are used 
in electromagnets. 

I All types of boils have one characteristic in 
coiimiQn: They are made of varying lengths of wire, 

' therefore an ohmmeter may be used to make a 
continuity test to determine if there are any opens. 
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Figure 10-9. -Potentiometer. 

or breaks, In theAvlre.ThiBoontinuIty oheokls the 
Sf S®*' tests for meaaurlne 

ssKiSt-^r 

^,3'®°' current and alternating current work 
differently when therelsacolllntheolrciS? wSSn 
a circuit containing a coll Is energized with direct 
JHf *f the circuit is^^t 

fn^^ff • l°f' awe, when the switch In figure 
10-10 Is placed In position 1. the Inductance of Mil 

^ ?*LH?,f°'"'*^ brlUlanoe. After they attalnnor- 
maTbrlUlanoe, the Inductance has no effeotontiie 
Sr^l!°J°?* as tile switohremains closed. When 
the switch Is opened, an eleotirtc spark Jumps 
across the opening switch contacts. IT^e spark Is 

, When tile Inductive circuit Is suppUed wltiial- 
ternattog current, however, tiie Indilotor's effect 

»PP"ed voltages, tiie 
current tiurpugh tiie circuit Is less when iStwS 
ting current Is appUed tium whendireotourrentls 
applied and is allowed to reach Its stea^rtate 



^ uov 

DC SOURCE 



I ^ W 



uov 

AC SOURCE 



J© 



UOV LAMPS 



71 95 

Figure 10-10. —Inductance in a-o andd-c circuits. 

The alternating current is accompanied by an 

S.te'lS;?'* field around tiie coll, which 

cute Hirough tile turns of tiie cdl. This action 
Induces a voltage in tiie coll ttiat always opposes 
the changing current. When tiie switoh is in posi- 
tion 1, the lamps bum. !>rfghtty on direct current. 
In position 2, altiiough the effective value of tiie 
appUed a-c voltage is equal to the d-c value, tiie 
lamps burn dimly because of tiie opposition devel- 
oped across the Inductor. Most of the appUed vol- 

f^tiS'£SS.'°'°"" '^'^'^'^ 
.f^ll^^^'^^et is anotiier device tiuU uses a 
S;^* electric beU is one of tiiemost coSSo! 
instinunente emptoying an eleotiwmagnet. A sim- 
ple eleotirtc bell is diagramed in flnSe 10-ll.lte 
operation is explained is follows: 
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Figure 10-11.— Elecbrlc bell. 
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Figure 10-12.— Miignetlo circuit breaker. 



1. When the switch is closedt current flows 
from the negative terminal of the battery, 
through the contact points, the spring, the 
two coils, and back to the positive terminal 
of the battery. : 

2. The cores are magnetized, and the soft- 
iron armature (magnetized by induction) is 
pulled down, thus causing ttie hanimer to 
strike the bell. 

3. At the instant the armature is pulled down, 
the contact is broken, and the electromag- 
net loses its magnetism. The spring pulls 
the armature up so that contact is reestab- 
lished, causing the operaticm to be repeated. 
The speed with which the hammer is moved 
up and down depends on the stifCaess of the 
spring and the mass of the moving element. 

The magnetomotive forces of the two coils are 
in series aiding, ttierefore the magnetism of the 
core is increased over that produced by one coil 
alone. 

Safety devices also utilize coils for their oper- 
ation. A cirouit breaker, like a fuse, protects a 
circuit against short circuits and overloading. In 
the drcuit breaker, the windingbf an electromag- 
net is ponnected in series i^th^ to 
be protected ami With the switch contact points. 
The principle of operation is illustrated in figure 
10-12. Excessive current thrbtig^ the munet 
winding causes the switch to be tripped, and the 
circuit to both breaker fuiid W^ opened by a 
spring. When the circuit fa^lt is bleared, the oi^ 
quit is closed againbyresettii^; the cirbuit breaker 
manually. - V 

Coils haye^nuu^ more q>pUcations and oanbe 
studied nip^ra > thorcwfl^y in Basic Electricity^ 



TRANSFORMERS 

Transformers ordinarily are tested by check- 
ing for shorts, measuring resistance of the indi- 
vidual windings, and measuring voltage outputs 
of each winding. 

Descriptions of transformers are contained 
in the technical manual for the equipment wherein 
the transformer is used. The manual specifies 
the terminals to test for each winding and tells 
what the measurement should read. Small power 
transformers, of the size used in electronic 
equipment, usually are color coded as shown in 
figure 10-13. In an untapped primary, both leads 
are black. If the primary is tapped, one lead is 
common and is colored black, the tap lead is 
black and yellow, and the other lead is black and 
red. 

On the trfi^sformer sec<Midary, the high-vol- 
tage winding has two red leads if untapped, or two 
red leads and a yellow and red tap lead if tapped. 
On the rectifier filament windings, yellow leads 
are used aorbss the entire winding, and the tap 
lead is yeUow and blue. If there are other flla- 
naent windings, they may be green, brown, or 
slate. The tapped wire is yellow in combination 
witti one of the colors Just named; that is green 
and yellow, brown and yellow, or slate and yellow 
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The easiest way to oheok a suspected mal- 
ninotionlng transformer is to measure its voltage 
output. This test can be made by using a vclt- 
meter to measure across the proper terminals, 
and oomparingthereadlng obtained with the proper 
voltage, as indloated in the teohnioal manual. If 
only one reading is in error, it indicates that only 
that winding is at fault. If all windings read in 
error, the trouble could possibly be the fitult of 
either high- or low-Input voltage* ConsequenUy, 
it always is necessary to measure the Input voltaoe 
as well as the output voltage. 

If improper voltage is measured at any of the 
output windings, the next step is to measure the 
resistance ofeaohwindlng. For this measurement, 
the connections to the terminals must be dis- 
connected first. Power to the equipment must be 
secured in order to disconnect a transtorme\\ 
Once the leads are free measure the resistance 
across each winding with an ohnuneter set to the 
proper scale. Check each winding oarefully,inolud- 
Ing any center taps. Next, set the ohmmeter to a 
high scale and test for shorts between windings 
and between windings and ground* 

If no faults are discovered in the voltage or 
resistance readings, or in the tests for shorts, 
the transformerisassumedtobeinprpperoperat- 
ing oonditipn. It then can be connected backin the 
circuit. 

If a replacement is requiried, use as the 
replacement only the one indicated in the manu- 
facturer's technical manual. It is always good 
policy to test far a short and make a resistance 
check on a new transformer before installinffitln 
the circuit. ~ 

CAPACITORS 

Capacitance, inductance, and resistance are 
measured for precise accuracy by alternating 
current bridges. .These bridges are composed of 
c^mcitors, inductors, and resistors in a wide 
variety of combinations. The bride^ds operate on 
the principle of the Wheaitstrae bridge; in which 
an unknown resistance is balanced against known 
resistances. The unknown resistancie is catoulated 
in terms of the knpwn r (BSistanbiB alter the bridge 
^ balanced. One type of capacitance brl^ 
appears in sin^dlfied schematic form in figure 
10^14. When the bridge is balanced by a4]usting 
the two varlieOile resistors, no a-c voltage is de- 
veloped across ttei IniHit of indicator tube VI, and 
the B^dow anjBle is maximum. (Vi is a ''magio 
6]^*r tube, coniinoniy usied as radio reiser 
tuning indicator.) Any slig^ imbalance produces 
an a-^ voltage, which; in turn, develops a grid- 
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Figure 10-14.— Simplified schematic of capacity 
checker. 



leak bias and lowers the plate current of VI, 
reducing the shadow angle. 

In the basic Wheatstone bridge circuit using 
d-c voltages and simple resistances, the balance 
is obtained when the voltage drops are equal 
across the ratio arms. In the a-c capacity bridge, 
it is insufficient to have equality of voltage drops 
in the ratio arms. The phase an^e between current 
and voltage in the two arms containii^the capaci- 
tors also must be equal in order to obtain a 
balance. When a balance is obtained, the current 
is equal on both sides of the bridge circuit. 

The c^>aoitance»inductance»re8istance bridge, 
type ZM-ll/U, shown in figure 10-15, is widely 
used to measure capacitance, resistance, and 
inductance values in addition to special tests, 
such as the turns ratio of transformers andoapa- 
oitance quality tests. It is a self-contained instru- 
ment, except for a source of line power. It has 
its own source of 1000*"Hz bridge current with a 
sensitive bridge balance indicator, an adjustable 
source of direct current for electrolytic c^)acitor 
and insulation resistance testing, andameter with 
suitable ranges for leakage current tests on 
electrolytic capacitors. 

Many capacitors have their value printed on 
them, but some types use a color code system to 
indicate their vahie. The color code used is the 
same as that used for resistors, but the methods 
of marking the capacitors vary greatly. The 
inethod used for fixed mica capacitors is shown 
in figure 10-16. 

A black dot in the upper left corner signifies 
that the capacitor has a mica dielectric. The 
center dot in the iqpper row indicates the first 
sigDlflcant figure, and the upper rig^ dot indi- 
cates the second significant figure of the capaci- 
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Figure 1(>-15,--C4>aoitanoe-Induotanoe«*r68l8^* 
anoe bridge* typ^ ZM-llAJ. 

tance value in mioromiorofarads O'Mf). The right 
dot in the lower row IndioateB the deoimalmultl- 
Idler that determines the number ofseros tobe 
added to the riglit of ttie two sipilfioant figures. 
The oenter dot(lower row) speoiflesthetbleranoe, 
whloh is the possible deviation ofthe actual o^Mol-- 
tor value from that glvein byits dot markings. The 
left dot on the lower row deals with temperature 
ooeffloients and iqniUoatlons. 

By way of explanatibn, a capacitor with uppers- 
row dots colored black* red* and green (reading 
from left to ri|^, according to the directional 
indicator) would mean a mioa capacitor with the 
significant figures 2 and 5. The lower rowoLdote 
(reading from right to left) are brown* red/and 
redU The brown dot requires the addition of one 



zero to the value 25, giving the result as 250 imt 
The red center dot indicates that the actual capaci- 
tor ^ue may be greater or smaller than the 250 
W*i by plus or minus 2 percent. The left red dot 
means it is a bypass or silver mica capacitor. 
Some mica capa&itors have only three dots* indica- 
ting the first and second significant figures and the 
multiplier. Their tolerance is 20 percent* and they 
have a 500-volt rating. Try reading some of the 
values of the mica capacitors you see in electronic 
equipment when they are exposed to view. Learning 
to read capacitor values is a matter of practice* 
much like reading resistor values. 

TUBES 

Electron tubes are essential components of 
electronic equipment. If the average tube is not 
overdriven* nor operated continuously at maxi- 
mum rating, ft can be expected to have a life of 
at least 2000 hours before the filament opens. 
Tubes do fail*, however* before achlevingtheir full 
life expectancy. Some of the more important condi- 
tions affecting the life expectancy of an electron 
tube are (1) the circuit function for which the tube 
is used; (2) deterioration of the cathode (emitter) 
coating; (3) decrease* with age* in emission of 
impregnated emitters in filamentTtype tubes; (4) 
defective seals* which permit air to leak into the 
envelope and oxidize the emitting surftoe; and (5) 
internal short circuits and open circuits caused 1^ 
vifarattcm or excessive voltage. Because of the 
attendant e3q)ansion and contraction of the tube 
elements during the process of heating and cool- 
^ electrodes may lean or sag* causing exces- 
sive noises (micrcidionlcs) to develop, other 
electron tube defects are cathode-to-heater leak- 
age and nonuniform electron emission of the 
cattiode. The defects, of which only the most 
common are listed here* contribute to about 50 
percent of all equipment failures. For this reason 
it is good praotioe. iRAen you are troubleshooting 
the equipment* to eliminate immediately aw tube 
tt&at may have contributed to the equipment's 
failure* but avoid blind replacement of good tubes 
py fresh spares. In a glass envelope tube, visible 
evidence of a tuba defect may bepresentwhen the 
filament is open* when the plate current is exoes- 
sive» when the tube becomes gassy»orirtien arcing 
occurs between electrodes. When metal-encased 
tubes are warm to the touch* it is an indication that 
ttie ^heater is <^rating. A tube may be tapped 
lightly with the finger while operating in apartiou- 
lar circuit to provide an aural indication of loose 
elements or miorophonios* 
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Figure 10»16.— C(dor code for fixad mica oapaoltors. 



Several of tests may be oonducted to 

determine the oonditlon of a tube. The most 
oommon test Is substituting a good tube for the 
suspeot one. Other test8» requiring the use of 
a tube tester, are emission, transoonduotancet 
gas, short olrcuit, and noise tests. 

Substitution Test 

Substituting a tube known to be in good eon- 
diticm l8 the most reliable method of deolding 
the quality of a questionable tube. In hlg^ f re« 
quenoy circuits; tube substitution should be oar- 
ried out oaretully one at a tim^, noting the effect 
of differences in intereleotrode oqpacitanoes of 
the substituted tiibes on'tuned (aligned) circuits. 
The substitution method of testing cannot be 
used to advantage to locate more than one faulty 
tube in a single circuit. If both an aHt amplifier 
tube and an i-f amplifier tube are defective In a 
receiver, r^lacing either one does not correct 
the trouble. If aU the. tubes are r^laoed, there 
Is no way of knowing which tubes were defective. 
Under these or similar conditions, the use of 
test equlpitnent designed for testing the quality 
of atube saves valuble time. 

Emission Test 

An important indication of the condition cf 
a tube Is obtained a comparatlye check of the 
cathode or filament emission. In most instanceSv 
a pronounced lower-flianrnormal emission, or a^ 
complete loss of emission, indicates that the tube 
has reached the end' of its V useful llfb. Both 



multlgrid and diode tubes are tested for cathode 
emission. 

• Multlgrid tubes: For a test of the em^ission of 
a multlgrid tube, the tube is connected as a 
half-wave rectifier. (See fig. 10-17.) The plate 
and all the grids of the tube are connected 
together. A miUianuneter and a variable resistor 
are placed in series with the tube, and the entire 
circuit is connected across a transformer second- 
ary. Because of their conimon connection, the 
plate and all of the grids are at the same poten- 
tial with respect to the cathode. As a result, the 
tube fimctlons as a diode rectifier, conducting 
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Figure 10-17.'— Basic circuit used for emission 
test. 
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current only on the alternate half"*cyole8 ^i^iien 
the plate and grids are positive with respect to 
the cathode. The amount of current that flows 
indicates the condition of the oathode-^mitUng 
surface. On tube-testing equipment, the meter 
scale usually is calibrated by dividing the total 
pointer arc into three areas, which are labeled 
GOOD, WEAK (or FAIR), and BAD. 
• Diode tubes: The emission test for diode and 
rectifier tubes and the diode part of multisecticm 
tubes is similar to the emission test used for 
multigrid tubes. The tube fUament or heater Is 
operated at the rated value, and an a-c voltage is 
applied to the test circuit consisting of the diode, 
a d-o miUlanmieter, and a variable resistor. A 
tapped secondary is utilized in some circuits to 
vary the amplitude of the testslgnal. The variable 
resistor limits the tube current to a safe value. 
The amount of current flowing through the resist- 
ance and the meter depends on the electron 
emlssl(m within the tube» and therefore indicates 
the emission quality of the tube. 




Transdonduotance Test 

The term transconductance (also called mutual 
conductance) eiqxresses the effect of grid voltage 
upon the plaite current of a tube. By measuring 
the transconductance of a tube» it is possible to 
evaluate the tube's ability to amplify a-c signals 
much more accurately tiban t>y measuring its 
cathode emission, bepause this test more closely 
4>proxiinate8 actual clroultoondltlons. Transcon- 
ductance is o^ressed mathematically as the 
ratio of aohangeinplate current to a small change 
in centred grid voltage, with all other electrode 
voltages held constant. Transconductance is 
measured in units of conductance called mi- 
orcnnhos. 



Gas Test 

In all electron tubes, except some types of 
rectifier and regulator tubes, the presence of any 
appreciable amount of gas is extremely unde- 
sirable. When gas Is present/ the electrons 
enmUted hy the cathode colUde with the molecules 
of gas. As a result of these collisions, electrons 
are dislodged (secondarUy emitted) from the sas 
molecules, and positive gas ions are formed. 
Because the control grid is negatively biased, 
the positive gas ions are attracted to it, BmTfhey 
absorb electrons from the grid circuit in order 
to revert to a more stable condition (notlonlzed). 



X T6 

Figure 10-18.— Basic circuit used for gas test. 

If the amount of gas In the tube is c^preolable, 
the collisions between the numerous gas molecules 
and the cathode-emitted electrons release many 
secondarily emitted electrons, and the resulting 
flow of grid current is high. The basic circuit 
used for the gas test is shown in figure 10-18. 
With switch S set to posltton 1, a certain value of 
plate current is measured hy the d-c milliam«- 
meter, if there is no gas (or a negligible amount) 
present in the tube, throwing switch S to position 
2 does not change the {flate current reading. If 
gas Is present, current flows through the large 
value grid resistor, causing a voltage drop to 
develop with the polarity as shown. The net 
^eot Is to reduce the negative bias voltage on 
the grid of the tube, resulting in an Increase In 
plate current. Small plate current Increases are 
normal; large Increases indicate excessive gas. 
In some olrcultiB a neon lig^t is substituted for 
the miUlammeter and glows to show the presence 
of excessive gas. 



Short Circuit and Noise Tests 

The test for short-circuited elements must be 
applied to a tube of doubtful quality, before any 
other tests are made. This procedure protects 
the meter (or any other indicator) from damage. 
Also, it follows logically, if a tube under test has 
elements that are 8hort-olroulted» there is no 
further need to apply additional tests to thattube. 
Short circuit testis usually are sensitive etmA 
to indicate leakage resistance less than about 1/4 
megohm. The proper heater voltage is applied In 
order to detect any tube elements thatml^tshort 
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Figure 10-19.-BaBio circuit used for short circuit and noise teste! 



as a result of the heating process. The short 
circuit test is similar to the test for detecting 
ndsy (microphonic) or loose elements. Because 
the only difference between the two tests is in the 
sensitivity of the device used as an indicator, the 
noise test is discussed as a part of the short cir- 
cuit test. 

Figure 10-19 shows a basic circuit used for 
detecting shorted elements within a tube. With the 
plate switch set to position 2, tbeplate of the tube 
under test is connected to the 1^ of the trans- 
former secondary containing the neon lamp. All 
the other elemento are connected throu^ switches 
to the other leg of the secondary. If the plate of 
flie tube is touching any other element within the 
tube, the a-c circuit of the secondary is completed 
and both plates of the neon lamp glow. If no short 
®rS?*!*°° indication will be present, or only one 
plate of the necm lamp wiUglow. Each of the other 
elemento is tested 1^ means of the switching 
arrangement shown. Resistor R2 limite thecur- 
rent through the neon lamp to a safe value. 
Resistor Rl Impasses any small altematlnR cur- 
rente in the circuit that mlg^t be caused by'stray 
04>aoitanoe, thus preventing the neon lamp from 
Indioatlsg erroneously. Tap^ the tube lightly is 
recommended to detect loose eleinonto thatmlsht 
touch ixlien the tube is vibr ated. 

The noise test is, in effect, no more than a 
very sensitive short circuit test. In figure 10-19 
two leads are taken from either side of the neon 
lamp and brous^t to external receptacles labeled 
"notoe tost". A high-gain ampllitler (with speaker) 
is connected to the receptacles. Perhaps thehahd- 
iest amplifier for this test is an ordinary radio 
receiver. The antenna and groundtermlHalsofthe 
reoeivier are connected to the noise test Jacks, and 
abnormal short circuit test is made wldle tmplns 
the tube. If tube elemente are loose - but pethaps 



not loose enou^^ to indicate on the neon lamo — 
loud crashes of ndse (or static), over and above 
the normal amount of noise that is present, are 
heard from the receiver. The noise test also may 
be made without the use of thehl{^-gain amplifier 
merely by Inserting the leads from apair of head- 
phones into the noise test receptacles. The latter 
check, of course, is not as sensitive as the test 
made with the amplifier, but ordinarily is more 
sensitive than the short circuit test made with the 
neon lamp as an indicator. 



SEMICONDUCTORS 

Semiconductors have been used in electric 
circuite for several years. Copper-oxide and 
selenium dry-disc rectifiers are two of the more 
familiar types. The outetanding oharaoteristio of 
a dry-disc rectifier is that it will conduct current 
easity in one direction, but very Uttle or no cur- 
rent in the opposite direction, thus acting like a 
vacuum tube diode. Dry-disc rectifiers are too 
bullgr and heavy, however, for, many modem elec- 
tronic requireinents. Esqperimente innonconduot^ 
ing materials led to the development of the tran- 
sistor, making possible the nalorominiaturization 
found in modem electronic equipnaent such as 
computers and missiles. 

Transistors are omstruoted of semiconductor 
materials. The most widely used seinloonducting 
elemente are gerananium and siUcon. In their 
regular form, these substances are nonconduotive. 
When Impurities are added to them, however, titoy 
behave as. conductors. Adding arsenic to germa- 
nium, 'fpr Instance, res\4to in the presence of a 
large amount of free electrons (negative charge). 
The. material 1|; fhenasemiccmductor of theN'type 
with a negative cOrrent. When indium is added to 
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20.23:71.98 
Figure 10-20.— Junotlon diode. 



germanium, mAterlal Is formad, whloh 

produoes ttie flow of poeltt^e (hole) current. (The 
fheory o(operattoiio(8emloonduotor8,iKdil6hl8to9 
Involved for this ;text» can be found In lntroduotion 
to Electronics , liavPere 10084.) 

When K- and I^^pe materials are combined, 
they form ivhat Is called a Junction diode, shown 
with Its schematic synlbol Infigure 10*20. Because 
a diode wlU not ampUi^ aslgnal, atfaird semicon- 
ductor section Is added, forming a Junction tran^ 
slstor, which acta like a vacuum tube trlbde. (pttier 
transistor types Include the tetrode andfbepower 
transistor.) The transistor actually is two Junction 
diodes placed back to back, with thecenter element 
common to both Junctions, and are of either the 
PNP or the NFN type. Internal currentflowls ttie 
result of hole conduction in the PNP type, and of 
electron conduoticni in the NPN type. External cur- 
rent in atrahslstorolrcultls always eleotrohflow. 

The elemientsrof a transistor are called the 
emitter, base, and collector^ They correspbnd 
respectively' to a vacuum tube's cathode, control 
grid, and plate. Figure' 10-21 showiB thia two types 
of transistors, their sOhemfldic isyihboliB, and their 
relati<m tp ttie tilbde.ThepriniarydiffbxBndebe- 
tweM the operatldn^^^^ trBo^ 
slstbr is that thfif tiibe is vtiti^ie-cverated and the 
transistor' Is current^^qperateo^ resulting In low 
power recpilrconents for 

Transistors, like vaoihun tubes, come in a 
variety of types, eacdiwlthltB own diaracterto 
Following are some bf the data found oh a tran- 
sistor speolflcatlon sheet published by the manu- 
faotaver. -X. 

1. The kliuf of seM JENP, NFN, 
diode, etc;), type of matieHal use<^ 

of oonstriibttoa;' 

2. ConimbQ ieg^ xeo» 
:" ' :tHler;''et6i). --^ • • 



3. Absolute maximum ratings of voltages and 
oolleotor current. These ratings mustnever 
be exceeded. 

4. Collector power dissipation factor. 

5. Beta (gain) of the transistor. 

6. CoUector out-oft (leakage) current. 

You should know the semiconductor spdclficatlons 
before attempting quality tests. 

Transistors normally are more rugged than 
electron tubes, and do not often require replace- 
ment. Their life ejq;iectanoy is 40,000 hours or 
more. Should It become necessary for you to 
raplaoe atranslstor, however, certain precautions 
must be observed. Before removing the old tran^ 
sister, note the orientation of the transistor's 
base, emitter, and oolleotor leads toensureprqper 
Insertion of the new device. Cut the toads of the 
new transistor to the proper length to prevent 
undue stress. When soldering the new transistor 
Into the circuit, use the proper solder, soldering 
Iron, and a heat sink. Transistors are very suscep- 
tible to heat, r-f radiation, and electric shook. One 
of the most frequent causes of damage to a tran- 
sistor is the electrostatic discharge from the 
human body n^n the device is handled. Such 
damage may be avoided by discharging your body 
to the chassis before handling the transistor. 
Detailed information on how to replace atransls- 
tor, hand l in g precautions, and transistor lead 
coding methbds is given in Servlcinit Teft^tifques 




1.280A(20A) 

Tlgure 10-21.--Correspondlng elements In trlode 
and transistor. 
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tor Translfltorlzed and Printed Circuits , NavShipa 
93394* 

Four main failures are asaoolatedwlth tran* 
slstors: (1) openSt caused by a Ixreak in the leads 
or a break in the emitter-base or collector-base 
Junction; (2) shorts^ caused by a ny)ture of the 
crystal throu^ the base material; (3) high leakage 
ourrentf caused contantdnation biUldlng up on 
the emitter»base or the collector-base Junction; 
and (4) low gain» causedl^ excessive heat or mal- 
treatment. 

Before testing atranslstor, first dstermine the 
type, whether PNP, NPN, or diode. Graand all test 
equipment to the chassis under test. If removal of 
the transistor from the clrcuitls necessary, use a 
low-wattage soldering Iron (35 watts or less), use 
proper heat sinks, and ground ttie soldering Iron 
tip to the chassis under test. 

Two basictmitsof testequipmentoanbeused to 
test transistors. The TS-llOOAJ transistor tester 
is designed to test the beta {g^) of a transistor 
while in the circuit, the ICO (collector la akage cur- 
rent), and shorts wlththetransistorremovedfrom 
the circuit. 

If the T3-1100AJ test set is not available, any 
good multimeter or vacuum tube voltmeter 
(VTVM) may be used after firstobservingoertaln 
precautlODS. To avoid loading the circuit, the 
multimeter must have a sensitivity of at least 
20,000 ohms per volt on all volta^ ranges; the 
dhmmeter . circuits must not pass a current ' 
exceeding 1 mUliampere. the VTVM should have 
an ixxpat resistance of il megdmis or more, and 
must have an isolaticm transformer between the 
meter and the powerline. 



Diodes 

Before testing a diode, Ito polarity must be 
determined^ The diode usually is marked with a 
phis (^.) or minus (-) sign. Conheot tt« test leads 
to the diods in a forward bias condition, that is, 
the positive lead to tbe positive side of tha diode 
and the negative lead! to : the hei^ve side. Cur- 
rent will now flow easily, and if areading of 1000 
cfluns or less is obtained, this part of the test is 
good. If a hi|^ reading is obtained, the diode is 
open. 

Connect the test leads to the diode in a 
reverse Uas oonditioi^the positive iM^ the 
negative side of Uie diode and the negative ieqd to 
ttie positive side. Curreat wm notflow re 
and a reading in eacoess of 10,006 ohms should be 
obtainedU U ^a reading under io^M^^^^^ 
obtainrt^Oedlode is.^^^ 
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Figure 10-22.— Transistor leakage current test. 



A general statement can thus be made: The 
£ront-to-baok ratio must always be at leaist 10 
to 1. 



Transistors 



4- 



Three tests can be accomplished on the tran- 
sistor by using the multimeter. The transistor 
must be removed from the oiroult for testing. 

Determine the type QttranBistor,iirtiether PNP 
or NPN. The same resistance test can be per- 
formed on the transistor as on the diode. The 
transistor has two Jundtlons, the emitter-base and 
the oollector-base. Because each Junction can to 
treated as a diode, the same readings hold true. 

Whm testii«powertransistQrs,thesameratio 
(10 to l)hold8 tnie,exo^thattli0 reverse resls^- 
anoe mttst to in excess of only 1000 ohms. 

To perform tto leakage current test,ttoman- 
uf aoturer 's . speolfioaticos should to consulted to 
ascertain tto alldwaUe limits.Determine tto type 
of transistor and set up one of tto tests shown in 
figure 10-22, using a 6-vcdt battery andmlcroam- 
meter. 

U fbe leakage current Is twloe as muoh as tto 
speolfloatiQn sheet oaUs for, replace tto transis- 
tor. If no 'upeotftcatians are available, use tto 

foUowlDgrule 

UWd^^ than 1 mioroamp. 



INTRODUCTION TO SONAR 



10K 



PNP 



n/wwv- 

10K 



NPN 





VOM 






f 






VOM 







71.100 

Figure 10-23.— Transistor gain test. 



2. Small germanium transistor*— less than 10 
mioroampfr. 

3. Medium germanium transistor— -less than 
100 m'.oroamps. 

4. Power ti'ansistors— less than 1 mlUlam-* 
pere. 

The betA test oan be aooompUshed by inserting 
a 19»000-ohm resistor between the ooUeotor-base 
Junction and oonneotlng tue meter to the emitter 
and coUeotor as shown In Hg^ire 10-23« 

Onoe the resistanbe is obtained on the meter» 
use the following formula to figure the gain: 
B ^ 1200-t-R. The letter B represents gain» 1200 
is a constant, and R is the resistance read on the 
meter. 

Check the manufacturer's speolfloationfor the 
gain of each transistor. If the speclflcatloDS are 
not available^ use the following rule of thumb: 

1. Silicon transistors — 5 times or more. 

2. HisMrequenoy transistors— 10 times or 
more; 

8. AU other translstprs^ie times or more. 

CONTINUITY TESTS . 

The purpose of the pontlnulfy test : Is to 
ensure that a circuit Is coiupiete'br contbuoua. 
An open drouit is one In^iahabreak in the bir- 
cult (a broken lead; defective swJt6h» burned out 



resistor^ and the like) prevents the flow of cur- 
rent. Before conducting the test, secure power and 
disconnect the circuit to be tested. 

An ohmmeter normally is used to test for con- 
tinuity on those parts of a circuit wherein resist- 
ance is low. An open olrcutt is indicated when 
the meter reads very hlg^ or infinite resistance. 

When testing for circuit continully, the ohm- 
meter should be set on the lowest scale. If a 
medium or hlg^ scale is used» the needle may 
Indicate zero ohms^ whereas the actual resistance 
could be as hig^ as 500 ohms. 

Oocaslonallyy you may have to make a contin- 
uity test of a circuit whose ends are in different 
spaces. Several methods oan be used to test a 
circuit from one compartmentto another. (Always 
make stire the power is secured before you dis- 
connect tbeclrcuit.) The foUowingmeans of testing 
are accomplished more easily 1^ two men. 



1. 



2. 



3. 



Attach a Jumper from one end of the circuit 
to ground. At the other end, connect the ohm- 
meter in series between ground and the con- 
ductor. A very hig^ resistance reading 
indicates an open circuit. 
If an <4muneter is not available, a pair of 
sound-powered telephone handsets with 
alligator cUps on their leads may be used. 
Connect the handset leads between the cir- 
cuit and ground at each end of the circuit. 
If the circuit Is open, oommiimlcatlon is 
impossible. 

A battery-powered test lamp also can be 
used. Ground one end of the circuit. Connect 
the lamp between the other end and ground. 
If the lamp does not lig^t, the circuit is 
open. 



Intermittently open circuits sometimes are 
encountered. These breaks usually are found in 
cables or wrapped multiple wiring. When the'test- 
Ing eqidpment Indicates an open circuit, the cable 
or wiring cim be flexed. An^monoentary oontln- 
ulty of the clrouit is qjlkrent l^ an indication on 
the test equipment, and the location of the break 
is then known. 

Grounds 

Ore juded circuits are caused by some part of 
the circuit making contact, either dlrecUy or 
Indiredtly, Mdth the metallic structure of the ship. 

Qj ound^n Lave several causes, the two most 
common behig frayed or worn insulation that 
allows bare wire to come into contact witti the 
equipment's chassis or shljcy's structure, and 



f 

V 

I 



moisture*«oaked insulation that provides current 
a leakage path to gpround. 

Usually, a ground is Indicated by a blown fuse 
or tripped circuit bre^r. A high resistance 
ground, however, may occur where insufficient 
current can flow to n^iture the fuse or open the 
circuit breaker. 

An ohmmoter Is used In testing for grounds. 
By measuring the resistance to ground at any 
point In a circuit, it is possible to determine if 
that point is fprounded. Before conducting this test, 
it is necessary to study the associated wiring dia- 
grams for the presence of intentional grounds . 
These grounds m-ust be disconnected before the 
circuit can be tested accurately. A zero, or very 
low, reading indicates the circuit is grounded. 

-aorts—.-.— - 

A short circuit is similar to a grounded one, 
except that it is between two or more conductors 
and usuaUy i^^ greater tendency to blow fuses. 
Two conductors with frayed insulation may teach 
each other, Bhortrcircuitlng the currentpath. Too 
much solder on the pin of a connector may cause 
a short circuit to an adjacent pin; Again, the test 
instrument used is the (thmmeter. Isolate the two 
suspMted clroidts and connect 
A Mj^i . resistance reading Indiciites the circuits 
.are Sfdlsfaictory.;:^ ;^ - 

^1^8 m iqr oc^ 

in.pables or. in the wlring^^^ chassis^ Components 
such as trap^ 

°i*<??5— to name a to 
short circuits; ; shoald be 

cheeked for a xeislstanbe rea^Lng, and this reklihg 
compared with tto figure glvekfor the compSnaS 
in the schemntic or equipment technical manual. 



mm 



■ .VpLTAQE 

.. the equlliment; Prescribed isafety 

®| W^ons must be bafel^ ^observed, mre~ 

tt» «<iuipment. The^^^ v^^ Is used hot only 



(a-o or d-c) to be measured and that the scale 
setting is set to the proper range. Because defec- 
tive elements may cause hlgher-than-normal 
voltages to be present In the circuit, the highest 
voltmeter range should be used first. Once a retui- 
ing is indicated, adjust the voltmeter scale pro- 
gressively downward untU the lowest scale 
appropriate to the actual voltage may be used. 
This system gives the most accurate measure- 
ment and avoids damage to the meter movement. 

Many schematics indicate proper voltages at 
various test potato. If acertatasta^issuspioted. 
toe^voltage can be measured by placing £ test 
at tte designated test potato. S volta^ 
readily obtataed by the meter should be the sa^ 
as that given on the schematic. 

CURRENT 

Current, e^^essed ta amperes, is measured 
ta much the same way as voltage except that the 
meter must be connected ta series ta the circuit 
being tested. The ammeter is a low-resilstance 
instrument because, if it offered more than a 
nUmute amount of resistance, it would reduce the 
amount of current flow ta the circuit and result 
ta an srroneous measurement. 

When the ammeter is connected ta the circuit, 
it is used ta the manner prescribed for the volt- 
meter. In other words, stairt with the higher scale 
and progressively adjust the scale used until a 
reading is obtained on the lowest scale that slves 
a meter Indication. 

_ U a circuit is disconnected or opened to insert 
toe meter for a measurement, be sure and res tore 
that part .of the. c^^ further testing. 

Because of the time and effort expended ta 
conneotihg an animeter into a circuit, it usually is 
more advantageous to measure the voltage across 
a resistor of known value andcalculate the current 
by using Ohm's law. 



RESISTANCE 

Usually the resistance of aclrcult, portion of a 
Circuit, or circuit element Is measured with the 
dmimeter. Flrst,^^^ be Secured to the 

plrpult and the meter zeroed before c<»inectimt 

■;|he(metei^:ta^ 

:;;c|^Seleic^^ 

f To 

08Mk.^;^te6ult:;^^ the lower 
yangeji^jpiohj^ 

o^ojiat^ Conv^ to ■ 
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Check aoircultwitfalii|^re8iBtancd»0eleottti6hl^ 
8cale» becauBd the low range scale may Indicate 
Infinity when actually the resistance is less than 1 
megohm. 

While conduoting resistance tests^ take into 
account that other circuits containing resistance 
and capacitance may be in parallel with the circuit 
tested. To obtain a correct readings the circuit 
tested should be laolated from other parallel cir- 
cuits. 

When measuring a resistor^ remember that 
most resistors hare a tolerance of approximately 
10 peroant. If the measurement cf areslstor falls 
within this toleranoe» it usually is considered to 
meet requirements andneednot be replaoedunless 
the circuit calls for a critical value. 

GENERATOR 31\INTENANCE 

Minor routine maintenance of generators Is 
performed the Sonar Teohntcian to ensure a 
prqper voltage supply to the associated sonar 
equipment. This part of the text is not Intended to 
teach the methods of generator repair; only those 
procedures required as normal maintenance are 
discussed. 



Conunutators 

The first requirenient for good oommutationls 
continuous^ close contact between the commutator 
and the brushes. Successftal commutation is not a 
function of the electric circuit, or the brush, or the 
conimutatoraloDe. It depends on all of these fac- 
tors, and oan be midntalned oidy thxtugh proper : 

• Inspection: Proper Inspectioncf the commutator 
consliBiiba of flie ioUo^^^ 

1. Check the bars; on ttie commutator tar flat 
spots, burned condition, andlooseness indi-* 
cated by irregu^ low bars. 

2. Ctedk for straaks and gn>6v^^ 

3. Check for idbracpge^ oopper on the leading 
v edg^ of ttie^^ 

-■v-' •. ^^lqivtiie:dr^^ , r, ■ ■.. 

:> 4.:^Chepk iflto ) 

S. Cbedc th^ x^ 

;(tf^oflr^ 



1. Clean oommvtators of dirt, oil, or grease 
with a lintless cloth moistened with a safety- 
type petroleum solvent. 

2. Clean scratches and rough edges from the 
commutator bars by pressing a very fine 
sandpaper against the surface with ablockof 
wood that has the same contour as the com- 
mutator. A piece of canvas is sometimes 
adequate for this purpose. The sandpaper or 
canvas should be moved back and forth 
aoroFs the surface, parallel to the shaft. 
Remove all grit after this operation by 
means of a lintless cloth. Under no circum- 
stances should emery ^doth be used for 
cleaning. 

3. Clean h^hmtcafrombetweentheoommuta- 
tor bars. This prooedureccdsists of remove 
Ing the mica protruding from the commuta- 
tor sk>ts, so that . there is no contact 
between the mica and the brushes as the 
commutator revolves. This process, oaUed 
undercutting, is accomplished by sawing or 
scraping the mica from the slots. An ideal 
tod for this purpose is a hacksaw blade 
that has been ground down to remove all 
teeth, so as to prevent burring of the 
conunutator bars. For small commutators, 
a slotting file may be used to file and 
scrape out the mica. Caremustbetakennot 
tounderout toodeepiy. Althoui^ thesquare- 
shaped slot usually is preferable, the V- 
shaped slot may be more satisfactory ^n^re 
the slots are likely to collect dirt. After 
undercutting is completed, remove all burrs 
and polish thia commutator. Do not use any 
lubricants \^ian underoutthig. 

S14[>rings 

The principle of close electrical contact 
applies to the sliprlngs as well as to the commu- 
tator. Witti few minor exoepti<xis, the procedure 
for inspecting, cleaning, or minor resurfacing of 
sliprlngs is identlcai to that for commutators. 



Brushes'-i;.;.-..v 

vThe bzt^ of a generator are the points of 
ccmtapti betweeii^^.t^ 

and tto Ap^ IK^ts Mbrush*^ the 

QOBOJo^^ oft the generated ^61" 



iJarbonl 



to sUdo up and down In the holders so that they 
may foUow irregularities In the surfaoe of fh^ 
commutator, ^flexible bralded-oopper oonductOT 
to "ST^J"^ a PiftaU. com^te eShtowh 
SnSf*®!?"^ circuit. A spring forces each 
teush to bear on the commutator with from 1 1/2 
to 10 pounds of pressure for every square inch of 

SSJL"^ 2?^ * the ooSmStor.lSese 
springs ordinarily are mounted so that brush 
pressure is adjustaUe. • 

♦I.-?!!"'** ■»«»uldbeln8peotedperlodloallytosee 
SS-.S'^i ^ appliedTSat Se 

teushes ride free In the brush KkES. Sat S 
brushes are of adequate length, and that tb^ 
mane proper maximum contact with the oommuta- 

i-niK*!!!^ ^'^J^* to an extent where 
length is reduced considerably, the aUUty of the 

e»rt propep pressure Is affected. FaU- 
ure of the brush to ride free in the holdwhas^ 
"«e result. When these conditions obourrtaS 
replacement is necessary. 

To replace a brush, first secure all power to 
the generator, wait untU the shaft has stmdL 
remoro the defeotiva brush, ^phS» fiww 
brush in the holder. Never^atten^J to «Si^ a 



£25- K"^"***' ^ armature stiU is 
£j maycause agenera- 

ft f T W BecuredSS, 
Sh., freely in the 

^^'J'^.^ a modiumlcoarw 

Stfcef fitr^^"**' ^ » 

After the brush ia fitted in the holder, fit 
tt totte commutator by sandingitwlth a mSillun- 
<rf saw^paper. Sand in the direction 

•Wp between tt» brush oonShiurfaceiSl ttJ 
papeTIJiSS^^ 

SL*^ "5Hj?* ^^^^^ makes agSdm ^ 
the commutator ourratuie. 

M«^'5f '•placed intfate manner. 

iJST*^ '*f<»*»t away £rom the commutator 
■»dto«^ard the outoide of the generator. 

After replacement of brushes and oteaninff 
poweir may be restored and the generator tenSd 

poesibte excessive sparking. If sparWM is exces- 
sive, some additional flSng may bTreSSS. 
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Certain training films that are directly related to the infor- 
mation presented in this training course are listed below under anpro- 
prlate chapter nunnbers and titles. Unless , otherwise specified, aU 
films listed are black and white with sound, and are unclassified. 
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MN-10819 The Sonar Technician. (29 min. - color.) 
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SUBMARINES AND ANTISUBMARINE UNITS 
MC-10282A Dash. (30 min.— color.) 



'"Chapter 4 



PHYSICS OF SOUND 



MN-8998P Physios oi Underwater Sound— Parti —Basic Principles. 
(20 min.) 



MN-8998G Physios of Underwater Sound— Part 2— Velocity Profiles. 
(26 min.) 



MN-8998H Physios of Underwater Sound- P«xt 3— Absorption and 
Scattering. (17 inln.) 



BIN-10409 Mifrine Biology— Sounds In the Sea. (80 min. -color.) 
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Chapter 8 
COMMUNICATIONS 
MN-2621B Ra^Operator Training- The Technique of Hand Sending. 



Chapter 9 
MAINTENANCE 



MN-10043A 



The Planned Maintenanoe System -Introduction. (20 mln.) 



MA-7812B 

MN-9655 
MN-10384 
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Printed qirouits and their Repair. (28 mln.) 
The Junction Transistor. (28 mln. — color.) 
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Flow noise, 40 
Frequency of sound wave, 37 
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Mailing precautions, BT slides, 77 
Maintenance, introduction, 146 
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In Rating, 3,6 
Marine life noises, 42 
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MC systems, 133 
Mecluuiical computing devices, 

fire control, 119 
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Modern passive sonar theory. 99-101 
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Range rate, 127 
Radiotelephone, 134 
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surface temperature, 72 
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Reflections, sound wave, 43 
Refraction, soundwave, 45 
Relative bearings, 22 
Relative motion, 27 
Remote indicators, 133 
Resistance, 173 
Resistors, 161 
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Reverberations, sound, 44 
Rheostat, 161 
RLI operation, 98 

Rotating directional transmission (RDT), 97 
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Tactical range recorder, 127-130 
Tbpe recorder, 104-108 
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Terminal designations, 159 
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Test methods 
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Transistors, 171 
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True bearings, 22 
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Underwater fire control, 110-114 
systems, 123 

Underwater sound transmission losses, 43-45 



Variable depth sonar, 108 
Voltmeter, 157 



Underwater communications, 141 
telegraph procedures, 143 
voice procedures, 142 
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Wavelength, 37 

Weapons, antisubmarine, 110-112 



